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INTRODUCTION 
The INTEL ® MCS-48™ 
family consists of a series 
of seven parts, including three processors, which take 
advantage 
of the latest advances in silicon techno- 
logy to provide the system designer with an effec- 
tive solution 
to a wide variety of design problems. 


The significant 
contribution 
of the MCS-48 family 
is that 
instead 
of consisting 
of integrated 
micro- 
computer 
components 
it 
consists 
of integrated 


microcomputer 
systems. A single integrated 
circuit 


contains 
the processor, 
RAM, ROM (or PROM), a 
timer, and I/O. 
This application 
note suggests a variety of applica- 


tion techniques 
which are useful with the MCS-48. 


Rather 
than 
presenting 
the design of a complete 


system 
it describes 
the 
implementation 
of "sub- 


systems" 
which 
are common 
to many micropro- 


cessor based systems. The subsystems described are 
analog 
input 
and 
output, 
the 
use of tables 
for 


function 
evaluation, 
receiving serial code, transmit- 


ting serial code, 
and 
parity 
generation. 
After an 


overview of the MCS-48 family these areas are dis- 
cussed 
in a more 
or 
less independent 
manner. 


THE MCS-48™ FAMILY 


The processors 
in the MCS-48 family all share an 
identical 
architecture. 
The only significant 
differ- 


ence is the type of on board program storage which 
is provided. 
The 8748 (see Figure I) includes 1024 


bytes of erasable, programmable, 
ROM (EPROM), 


the 8048 replaces 
the EPROM with an equivalent 


amount 
of mask programmed 
ROM, 
nd the 8035 


provides 
the 
CPU 
function 
with 
no 
on 
board 


program 
storage. 
All 
three 
of 
these 
processors 


TESTO- 
TEST 
1- 
'NT- 
FLAG 
0- 
FLAG 
1 
CONDITIONAL-4-- 
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FLAG 


CARRY- 
ACC- 


{ 


VDD 


~ 
PROGRAM 
SUPPLY 


~ 
+SV 
(LOW 
POWER 


V 
STANDBY) 


~GND 


PORT 
1 


BUS 


BUFFER 


AND 
lATCH 
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~ 
REGISTER 


8 LEVEL 
STACK 


(VARIABLE 
LENGTHI 


OPTIONAL 
SECOND 


REGISTE 
R BANK 


inter 


Mnemonic 
Description 
Byt •• 
Cycle 
Mnemonic 
Description 
Byt •• 
Cycl •• 


ADD 
A,R 
Add 
register to A . 
I 
, 


,~ 
CALL 
Jump to subroutine 
2 
2 
ADD 
A,@R 
Add data memory 
to A 
I 
, 
j 
RET 
Return 
I 
2 
ADD 
A, =data 
Add immediate 
to A 
2 
2 
RETR 
Return 
and restore status 
I 
2 


= 
ADDCA, 
R 
Add 
register with 
carry 
I 
I 
CIl 


ADDC 
A,@R 
Add data memory 
with carry 
, 
I 
CLR 
C 
Clear Carry 
I 
I 
ADDC 
A, =data 
Add immediate 
with carry 
2 
2 
CPL 
C 
Complement 
Carry 
I 
I 
ANL 
A, R 
And register to A 
, 
I 
190 
CLR 
FO 
Clear 
Flag 
0 
I 
I 
.• 


ANLA,@R 
And data 
memory 
to A 
I 
I 
ir 
CPL 
FO 
Complement 
Flag 
0 
I 
I 
ANL 
A, =data 
And immediate 
to A 
2 
2 
CLR 
F' 
Clear 
Flag 
I 
I 
I 
! 


ORL 
A, R 
Or register to A 
I 
, 
CPL 
FI 
Complement 
Flag 1 
I 
I 
ORL 
A,@R 
Or data memory 
to A 
I 
I 


1i 
ORL 
A, =data 
Or immediate 
to A 
2 
2 
E 
MOV 
A, R 
Move register to A 
I 
I 
= 
XRL 
A, R 
Exclusive 
Or register 
to A 
, 
I 
MOVA,@R 
Move data memory 
to A 
u 
I 
I 
u 
XRL 
A,@R 
Exclusive or data memory 
to A , 
I 
< 
MOV 
A, =data 
Move immediate 
to A 
2 
2 
XRL 
A, =data 
Exclusive or immediate 
to A 
2 
2 
MOV 
R,A 
Move A to register 
I 
, 
INCA 
Increment 
A 
I 
, 
MOV@R,A 
Move A to data memory 
, 
, 
DEC 
A 
Decrement 
A 
I 
I 
! 
MOV 
R, =data 
Move immediate 
to register 
2 
2 
CLR 
A 
Clear 
A 
, 
I 
~ 
MOV 
@R, 
=data 
Move immediate 
to data memory 
2 
2 
CPL 
A 
Complement 
A 
, 
I 
l! 
MOV 
A, PSW 
Move 
PSW to A 
I 
I 
DA A 
Decimal 
Adjust 
A 
, 
I 
.• 
MOV 
PSW, 
A 
Move 
A to PSW 
I 
I 
0 
SWAPA 
Swap nibbles of A 
, 
I 
XCH 
A, R 
Exchange A and register 
I 
I 
RL A 
Rotate 
A left 
, 
I 
XCH 
A,@R 
Exchange A and data memory 
I 
I 
RLC 
A 
Rotate 
A left through carry 
, 
I 
XCHD 
A,@R 
Exchange nibble of A and register 
1 
I 
RR 
A 
Rotate 
A right 
I 
I 
MOVX 
A,@R 
Move external 
data memory 
to A 
1 
2 
RRC 
A 
Rotate 
A right through 
carry 
I 
I 
MOVX@R,A 
Move A to external 
data memory 
I 
2 


IN A,P 
Input 
port to A 
, 
2 
MOVPA,@A 
Move to A from current 
page 
1 
2 


OUTL 
P, A 
Output 
A to port 
I 
2 
MOVP3 
A,@A 
Move to A from 
Page 3 
I 
2 


ANL 
P, =data 
And immediate 
to port 
2 
2 


; 
ORL 
P, =data 
Or immediate 
to port 
2 
2 
a 
INS A, BUS 
Input 
BUS to A 
, 
2 
i 
MOV 
A, T 
Read Timer/Counter 
I 
I 
=g 
OUTL 
BUS, 
A 
Output 
A to BUS 
I 
2 
c 
MOV 
T, A 
Load Timer/Counter 
I 
, 


ANL 
BUS, 
=data 
And immediate 
to BUS 
2 
2 
= 
STRT 
T 
Start Timer 
, 
I 
= 
0 
a. 


OR L BUS, 
=data 
Or immediate 
to BUS 
2 
2 
1 


STRT 
CNT 
Start Counter 
I 
, 
E 
MOVD 
A, P 
Input 
Expander 
port to A 
, 
2 
STOP 
TCNT 
Stop Timer/Counter 
, 
, 


MOVD 
P,A 
Output 
A to Expander 
port 
, 
2 
i= 
EN TCNTI 
Enable Timer/Counter 
Interrupt , 
, 


ANLD 
P, A 
And A to Expander 
port 
, 
2 
DIS TCNTI 
Disable Timer/Counter 
Interrupt , 
I 
ORLD 
P, A 
Or A to Expander 
port 
I 
2 


e 
INC R 
Increment 
register 
, 
I 
EN I 
Enable external 
interrupt 
I 
, 
~ 
'So 
INC@R 
Increment 
data memory 
, 
I 
DIS 
I 
Disable external 
interrupt 
, 
, 
.. 
DEC 
R 
Decrement 
register 
, 
I 
g 
SEL 
RBO 
Select register bank 0 
I 
I 
II: 


c 
SEL 
RBI 
Select register bank 1 
I 
, 


0 
SEL 
MBO 
Setect memory 
bank 0 
I 
, 
JMP addr 
Jump unconditional 
2 
2 
U 


JMPP@A 
Jump indirect 
, 
2 
SEL 
MB' 
Select memory 
bank 1 
I 
, 


DJNZ 
R, addr 
Decrement 
register and skip 
2 
2 
ENTO 
CLK 
Enable Clock output 
on TO 
I 
I 


JC addr 
Jump on Carry = , 
2 
2 


JNC 
addr 
Jump on Carry = 0 
2 
2 


J Z addr 
Jump on A Zero 
2 
2 
NOP 
No Operation 
, 
, 


JNZ 
addr 
Jump on A not Zero 
2 
2 


.r:; 
JTO addr 
Jump on TO = , 
2 
2 
uc 
JNTO 
addr 
Jump 
on TO = 0 
2 
~ 
2 


III 
JT' 
addr 
Jump on T1 = 1 
2 
2 


JNTI 
addr 
Jump on T1 :: 0 
2 
2 


JFO addr 
Jump on FO = 1 
2 
2 


JF' 
addr 
Jump on F1 = 1 
2 
2 
Mnemonics 
copyright 
Intel Corporation 
1976 


JTF 
addr 
Jump on timer 
flag 
2 
2 


JNI 
addr 
Jump on i'NT = 0 
2 
2 


JBb 
addr 
Jump on Accumulator 
Bit 
2 
2 


operate 
from 
a single 5-volt power 
supply. 
The 


8748 
requires 
an additional 
25-volt 
supply 
only 
while the on board EPROM is being programmed. 
When installed in a system only the 5-volt supply is 
needed. 
Aside from program 
storage, 
these chips 
include 
64 bytes of data storage (RAM), an eight 


bit timer which can also be used to count external 
events, 27 programmable 
I/O pins and the processor 


itself. The processor 
offers a wide range of instruc- 
tion 
capability 
including 
many 
designed 
for bit, 
nibble, and byte manipulation. 
The in~truction set 


is summarized 
in Figure 2. 


Aside 
from 
the 
processors, 
the 
MCS48 
family 


includes 4 devices: one pure I/O device and 3 com- 
bination 
memory 
and 
I/O devices. The pure I/O 
device is the 8243, a device which is connected 
to a 


special 4 bit bus provided by the MCS48 processors 
and which provides 
16 I/O pins which can be pro- 


grammatically 
controlled. 
The combination 
memory 
and I/O devices consist 


of the 8355, 
the 8755, 
and the 8155. 
The 8355 


and the 8755 both provide 2,048 bytes of program 
storage 
and 
two eight 
bit 
data 
ports. 
The 
only 
difference 
between 
these devices is that the 8355 


contains 
masked program 
ROM and the 8755 con- 
tains 
EPROM. 
The 
8155 combines 
256 bytes 
of 
data storage (RAM), two eight bit data ports, a six 
bit control port, and a 14 bit programmable 
timer. 


Figure 3 shows the various system configurations 
which can be achieved using the MCS48 
family of 
parts. It should also be noted that eight of the pro- 
cessors' I/O lines have been configured as a bidirec- 
tional 
bus which can be used to interface 
to stan- 
dard Intel peripheral 
parts such as the 8251 USART 


(for 
serial I/O), 
the 8255A 
PPI (provides 
24 I/O 
lines) and the complete 
range of memory 
compo- 


nents. 
More detailed 
information 
concerning 
the MCS48 


family can be obtained 
from the "MCS48 
Micro- 


computer 
User's 
Manual" 
which provides 
a com- 
plete 
description 
of 
the MCS48 
family 
and its 
members. 
A general familiarity 
with this document 


will make the application 
techniques 
which follow 


easier to understand. 


ANALOG I/O 
If analog 
I/O is required 
for a MCS48™ 
system 


there 
are 
many 
alternatives 
available 
from 
the 


makers of analog I/O modules. By searching through 
their catalogs it is possible to find almost any combi- 
nation of features which is technically 
feasible. Per- 
haps the best example of such modules are the MP- 
10 and MP-20 hybrid 
modules recently introduced 
by Burr-Brown 
Research 
Corporation. 
The MP-IO 
provides 
two analog outputs 
and the MP-20 pro- 


vides 
16 analog inputs. 
Both of these units were 


[I 
Number 
of Available 
Timers 


(I Number 
of Available 
1/0 Lines 


1088 
lK - 
8035 
8048 
8035 


8048 
8355 
8355 
2·8355 


4·8155 
4-8155 
4·8155 
4-8155 


[5] 
(101) 
[5] 
(116) 
[5] 
(116) 
[5J 
(131) 


f- 


8035 
8048 
8035 


8048 
8355 
8355 
2-8355 


3-8155 
3-8155 
3-8155 
3·8155 


[4] 
(80) 
[4] 
(95) 
[4J 
(95) 
[4] 
(110) 


f- 


8035 
8048 
8035 


8048 
8355 
8355 
2-8355 


2·8155 
2-8155 
2·8155 
2-8155 


[3] 
(59) 
[3] 
(74) 
[3] 
(74) 
[3J 
(89) 


f- 


8035 
8048 
8035 


8048 
8355 
8355 
2-8355 


8155 
8155 
8155 
8155 


[2J 
(38) 
(2J 
(53) 
[2] 
(53) 
[2J 
(68) 


8035 
8048 
8035 


8048 
8355 
8355 
2·8355 


[1] 
(24) 
[1] 
(28) 
[1] 
(28) 
[lJ 
(43) 


~~a: 
;578 
a:512 
o~ 
UJ~~ 
I- 
~320 
°256 


lK 
2K 
3K 
4K 


PROGRAM 
MEMORY 
(ROM) 


specifically 
designed 
to 
interface 
with 
micro- 


processors. 


A block diagram of the MP-I 0 is shown in Figure 4. 
It consists of two eight bit digital to analog conver- 
ters, two eight bit latches 
which are loaded from 


the data bus, and address decoding 
logic to deter- 


mine when the latches should be loaded. The 0/ A 
converters 
each generate 
an analog output 
in the 


range of 10 volts with an output 
impedance of IS?. 


Accuracy 
is ±0.4% of full scale and the output 
is 


stable 
25Jlsec 
after 
the eight 
bit binary 
data 
is 


loaded 
into the appropriate 
latch. The latches are 


loaded 
by 
the 
write 
pulse 
(WR) 
whenever 
the 


proper 
address 
is presented 
to 
the MP-lO. The 


lower two addresses 
(AO and A I) are used inter- 
nally by the device. Addresses A2 & A3 are com- 
pared 
with 
the 
address 
determination 
inputs 
B2 


and B3. If their signals are found to be equal, and 
if addresses 
A4-AI3 
are all high, then the device 


is selected 
and one of the latches will be loaded. 


Address bit Al selects between 
output 
I and out- 


put 2. If address 
bit AO is set then the initializa- 


tion 
channel 
of the OIA is selected. 
In order to 


prepare 
for operation 
a data pattern 
of 80H must 


inter 


Figure 4. 
MP·10 Block Diagram 


be output 
to this channel 
following 
the reset 
of the 


device. 


A 
block 
diagram 
of 
the 
MP-20 
analog 
to 
digital 


converter 
is shown 
in figure 
5. This 
unit 
consists 


of 
a 
16 input 
analog 
multiplexer, 
an instrumenta- 


tion 
amplifier, 
an 
eight 
bit 
successive 
approxima- 


tion 
analog 
to digital 
converter, 
and 
control 
logic. 


The 
16 
input 
multiplexer 
can 
be 
used 
to 
input 


either 
16 
single 
ended 
or 
8 
differential 
inputs. 


The 
output 
from 
the 
multiplexer 
is fed 
into 
the 


instrumentation 
amplifier 
which 
is configured 
so 


that 
it can 
easily 
be strapped 
for single 
ended 
0-5 


v.olt inputs, 
sin~e 
ended 
±5 volt 
inputs, 
or differen- 
tial 
0-5 
volt 
sIgnals. 
Provisions 
are 
made 
for 
an 


external 
gain 
control 
resistor 
on the amplifier. 
The 


gain control 
equation 
is: 


G = 2 + 50kn 
~ 


EXTERNAL 


GAIN 
CONTROL 


RESISTER 
-f:r 


With 
no 
Rext 
(Rext 
= 00) the 
gain 
is two 
and 
the 


input 
is 0-5 or ±5 volts 
full scale. 
Adding 
an exter- 


nal 
resistor 
results 
in higher 
gain 
so that 
low 
level 


(±50mV) 
signals 
from 
thermocouples 
and 
strain 


gauges 
can 
be 
accommodated. 
The 
output 
from 


the 
amplifier 
is applied 
to 
the 
actual 
A/D 
con- 
verter 
which 
provides 
an 
eight 
bit 
output 
with 


guaranteed 
monotonicity 
and an accuracy 
of ±O.4'!r 


of 
full 
scale. 
Note 
that 
this 
accuracy 
is specified 


for 
the 
entire 
module. 
not 
just 
for 
the 
converter 


itself. 
The 
control 
logic 
monitors 
address 
lines 


A 15 through 
A4 to determine 
when 
the address 
of 


the 
unit 
has been 
selected. 
An address 
that 
the unit 


will respond 
to is determined 
by 11 address 
control 
pins, 
labeled 
A4 through 
A 14. If one 
of these 
pins 


is tied 
to a logic 
0 then 
the 
corresponding 
address 


pin must 
be high in order 
for the unit 
to be selected. 


If the pin is tied 
to a logic 
I then 
the corresponding 


address 
pin 
must 
be 
low. 
If 
the 
address 
of 
the 


module 
is selected 
when 
MEMR pulse 
occurs. 
the 


lower 
four 
addresses 
(A3-AO) 
are stored 
in a latch 


which 
addresses 
the 
multiplexer. 
The 
coincidence 


of 
the 
proper 
address 
and 
MEMR 
also 
initiates 
a 


conversion 
and 
gates 
the 
output 
of 
the 
converter 


on to the eight 
bit data 
bus. 


The 
control 
logic 
of 
the 
MP-20 
was 
designed 
to 


operate 
directly 
with 
an MCS-80™ 
system. 
When 
a 


MEMR 
occurs 
and a conversion 
is initiated 
the MP- 


20 
generates 
a 
READY 
signal 
which 
is used 
to 


extend 
the 
cycle 
of the 
8080A 
for the duration 
of 


the 
conversion. 
READY 
is brought 
high 
after 
the 


conversion 
is complete 
which 
allows 
the 
8080A 


to initiate 
a conversion 
and 
read 
the resulting 
data 


in a single, 
albeit 
long, 
memory 
or I/O cycle. 
The 


conversion 
time 
of the 
MP-20 
depends 
on the gain 


selected 
for 
the amplifier. 
With no external 
resistor 


(R = 00) the 
gain 
is two 
and 
the conversion 
time 
is 


35 IJ.sec. For 
R = 51 on 
the gain is: 


G = 2 + 50kn 
== 
100 
.5lkn 


and 
the 
conversion 
time 
becomes 
100lJ.sec. 
These 


settling 
times 
are specified 
in the MP-20 
data 
sheet 


and 
range 
from 
35 
to 
175 
microseconds. 
The 


READY 
timing 
is controlled 
by an external 
capa- 
citor. 
For 
a 
gain 
of 
2 
no 
external 
capacitor 
is 


required 
but 
if higher 
gains are selected 
a capacitor 


is needed 
to extend 
the timing. 


A schematic 
showing 
both 
the 
MP-IO 
D/ A and the 


MP-20 
AID 
connected 
to 
the 
8748 
is shown 
in 


Figure 
6. 
This 
configuration, 
which 
consists 
of 


only 
four 
major 
components, 
gives 
an 
excellent 
example 
of 
what 
modern 
technology 
can 
do 
for 


the system designer. The four components 
provide: 


a. 
An eight bit microprocessor 


b. 
64 bytes of RAM 


c. 
1024 bytes of UY erasable PROM 


d. 
A timer/event 
counter 


e. 
16 digital J/O pins 
f. 
2 testable input pins 
g. 
An interrupt 
capability 
h. 
16 eight bit analog inputs 
i. 
2 eight bit analog outputs 


The MCS-48 communicates 
with the D/A and A/D 


converters 
in a memory mapped mode (i.e., it treats 
the devices as if they were external 
RAM). By set- 


ting an address in either RO or R I and then execut- 
ing a MOYX the software can transfer data between 
the 
accumulator 
and 
the analog 
I/O. 
When the 
MCS-48 
executes 
the MOYX instruction 
it first 


sends 
the 
eight 
bit address 
out 
on the 
bus and 
strobes it into the 82121atch with the ALE (Address 
Latch 
Enable) 
signal. After the address is latched, 


the MCS-48 uses the same bus to transfer data to 
or from the accumulator. 
If data is being sent out 
(MOYX 3Rj, A) the WR strobe is used: if the data 
is being 
moved into the accumulator 
(MOYX A, 


3Rj) the RD strobe is used. The one shots on the 
WR line are used to delay the write strobe of the 
MCS-48 to meet 
the data set up specifications 
of 
the MP-IO. 
In order to provide reset capability 
for the analog 
devices 
without 
dedicating 
an I/O pin from 
the 
MCS-48, special addresses are used as reset channels. 
Executing any MOYXwith anaddressofOXXXXXXX 
will reset the A/D module; a similar operation 
with 
an address 
of X IXXXXXX 
will reset the D/A; a 
MOYX with an address 
of 0 IXXXXXX will reset 


both 
devices. All data transfers 
are accomplished 
with the upper two bits of the address field equal 
to 10. A summary 
of the addressing of the analog 
devices is shown in Table I. Notice that except for 
an initialization 
channel 
for the D/A (which must 


INPUT OR OUTPUT 


OXXX 
XXXX 
Reset 
AID 


X1XX 
XXXX 
Reset 
DIA 


INPUT 


001 
1 
n n n n 
Read AID 
Channel 
n n n n 


OUTPUT 


1 01 
1 
0001 
InitialIZe 
DIA 
1 01 
1 
0000 
Write 
Channel 
1 


1 o 1 1 
0010 
Write 
Channel 
2 


be written 
to 
following 
a reset 
to initialize 
its 


internal 
logic) all channels 
involve some form of 


data transfer. 


As 
was 
mentioned 
previously, 
the 
MP-20 
was 


designed 
to use the 
READY line of the 8080A. 


Obviously 
this presents 
a problem 
since the MCS- 


48 
does 
not 
support 
a READY 
line 
(with 
its 
attendant 
requirement 
of 
entering 
WAIT state). 


The necessity 
of a READY input can be overcome 


by performing 
a read operation 
to set the channel 
address, 
waiting the required 
delay (35 /lsec for a 


gain of two) and then performing 
a second read to 


actually 
obtain 
the data. The second read will read 


in the data from the channel selected by the first 
read irrespective 
of the channel 
selected 
for the 


second 
read. Thus it is possible to use the second 
read to set up the channel 
for the third read. Each 


read can read in the curren t channel and select the 
nex t channel for conversion. 


The MP-20 is shown in Figure 6 strapped 
to input 


16 single ended 
±5 volts signals. Programs 
which 


were used to test this configuration 
are shown in 
Figure 7. The first of these programs uses the D/ A 
converter 
to 
generate 
sawtooth 
waveforms 
by 


outputting 
an 
incrementing 
value 
to 
the 
D/A 


converters. 
The second 
program 
scans the analog 


inputs 
and 
stores 
their 
digital 
values in a table 


located in RAM. 
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27 
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15 
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EQU 
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17 
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19 
; 
START 
OF 
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2.; 
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21 
ORG 
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22 
23 START: 
l'(IV 


2' 
""" 


25 
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26 


27 
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31 
32 lOOP: 
DEe 
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33,. 
os 
36 
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; 
501AR1 
Of 
BUFfER 
; NO or ANAlOG INPuTS 


; 
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AD[)lil(SS 
or 
ANALOG 
I HPUTS 
; 
EXECUTION 
TIME 
Of 
OJHZ' 


SETuP 
TO 
SCAN 
ANALOG 
INPUTS 
Rl,#9.)rr.I'lAXCH 
R3, .MAleH 
AI, .(AINCH-MAlon 


; 
SELECT 
CHANNEL 
1S 


TABLE LOOKUP TECHNIQUES 
In the previous section the interface between analog 
I/O devices and the MCS-48™ 
was discussed. 
In 


many applications 
involving analog I/O one quickly 
finds that 
nature 
is inherently 
nonlinear, 
and the 
mathematics 
involved in 'linearizing 
it' can tax the 


computational 
power of the microprocessor, 
partic- 


ularly 
if it has other 
tasks to perform. 
Problems 


of this nature 
are good candidates 
for the use of 


tables. 


As an example of how tables can be used as part of 
an analog output 
scheme, consider a system which 
requires an MCS-48 to output 
a variable frequency 


sinusoidal 
waveform. 
One method 
of performing 
this function 
would be to use the timer to generate 


an interrupt 
at a fixed rate of 256 times the desired 


output 
frequency. 
At each interrupt 
the appropriate 


value of the sine function 
could be calculated 
from 


the MacLaurin series: 


(_ I)k x 2k +I 
(2K + I)! 


Where K is chosen 
to be large enough to provide 
th~ required accuracy. 


All mnemonics 
copyrighted 
© Intel Corporation 
1976. 


The 
above 
calculation, 
although 
conceptually 


simple, 
would 
be 
time 
consuming 
and 
would 


severely limit the possible output 
frequencies which 


could be obtained. 
As an alternative 
to calculating 


these values in real time, the values could be precal- 
culated 
off line and stored 
in a table. Upon each 


interrupt 
the MCS-48 would merely have to retrieve 


the 
appropriate 
value from the table and output 


it to the 
D/A converter. 
the MCS-48 provides 
a 


special 
instruction 
which 
can be used 
to access 


data in a table. If the table is stored in the last 256 
bytes 
of 
the 
first 
kilobyte 
of MCS-48 memory 


then the table lookup can be performed 
by loading 


the independent 
variable 
(time in this case) into 


the accumulator 
and executing 
the instruction. 


This 
instruction 
uses the 
initial 
contents 
of the 


accumulator 
to 
index 
into 
page 
3 of 
program 


storage. 
The location 
pointed 
to is read and the 


contents 
placed in the accumulator. 
If (as is often 


the 
case) 
a table 
of 
fewer 
than 
256 entries 
is 


required, 
then the table can be located in any page 


of program memory and the instruction: 


can be used to retrieve 
data 
from the table. This 


instruction 
operates 
in the same manner 
as does 


the 
previous 
instruction 
except 
that 
the 
current 


page 
of 
program 
storage 
is assumed 
to contain 


the table. 


If it 
is possible 
to devote 
slightly 
more 
of the 


microprocessor's 
time to the table look up process, 


then a much smaller table can often be utilized by 
taking 
advantage 
of interpolation 
to 
determine 


values of the 
function 
between 
values which are 


actual 
entries 
in the table. 
As an example 
of this 


inter 


process consider 
the hypothetical 
system shown in 


Figure 8. The purpose of this system is to measure 
the flow through 
the three pipes, add them, 
and 


display 
the 
total 
flow on the control 
panel. The 


system consists of three flow meters which generate 
a differential 
voltage 
which 
is some 
function 
of 


flow, an A/D system with at least three differential 
inputs, 
an 
MCS-48, 
and 
a 
control 
panel. 
The 


schematic 
sho'tVn in Figure 6 could easily become 


part of this system, 
with the spare digital I/O of 


the MCS-48 used 
as an interface 
to the control 


panel. The simplicity 
of this system is clouded by 


the flow transducers, 
which are assumed to be not 


only nonlinear 
but also to require individual 
cali- 


bration 
(this is not an unreasonable 
assumption 
for 


a flow transducer). 
By using a table look up process 


and an 8748 the flow transducers 
can be calibrated 


and 
the 
results 
of 
the 
calibration 
tests 
stored 


directly 
in tables 
in the 8748. 
(The 8748 has a 


PROM in place of the ROM of the 8048 and thus 
makes such 'one off programmin~ 
oractical.) 


The results which might be obtained 
from calibra- 


ting one of the flow meters is shown in Figure 9. 
The 
results 
are 
plotted 
as gals/hour 
versus 
the 


measured voltage generated 
by the transducer. 
The 


voltage 
is shown 
in hexadecimal 
form so that it 


corresponds 
directly 
to the digital output 
of the 


analog 
to digital converter. 
The flow required 
to 


generate seventeen evenly spaced voltages (OH-I OOH 
in steps of 10H) has been measured 
and plotted. 
This 
information 
is shown 
in 
tabular 
form 
in 


Figure 
10. It is necessary 
to generate 
a program 


which will convert 
any measured 
input from OOH 


to FFH into the flow in units which can be inter- 
preted 
by a human 
operator. 
This can easily be 


done by simple interpolation. 
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The eight bits of independent 
variable (voltage) can 


be looked on as two four bit fields. The most signi- 
ficant four bits (7-4) will be used to retrieve one of 
the table values. The lower four bits (3-D) will be 
used 
to 
interpolate 
between 
this value and 
the 


value retrieved from the next higher location 
in the 


table. If the upper four bits are given the symbol I 
and 
the 
lower 
four 
bits the symbol 
N, then 
the 


interpolation 
can be expressed as: 


F(x) = F(I) 
+ ~ 
[F(I+ I) - F(I) I 


Where x is the measured 
voltage and F(x) is the 


corresponding 
flow. 


If, 
as 
an 
example, 
the 
transducer 
voltage 
was 


measured 
as 48H 
then 
the flow (ref. Figure 
10) 


would be: 


8 
F = 30 + 16 (34-30) 
= 32 


A subroutine 
which implements 
this calculalillll 
is 
shown in Figure I I. Before it is called the indqll"lI 
dent variable (V) is placed in the accumulator 
and 


register 
RI is set to point at the first value in the 


table. Aside from simple additions 
and subtractions 


the 
only 
arithmetic 
required 
is to multiply 
two 


values and then divide them by 16. The multiplica- 
tion 
is handled 
via a subroutine 
which 
is also 


shown in Figure 
I I. The division by 16 can be per- 


formed 
by a four place right shift 
followed 
hy a 


rounding 
operation. 
The routine shown will handle 


a monotonic 
increasing 
function 
of a single inde- 


pendent 
variable. 
Fairly simple modifications 
are 


required 
for nonmonotonic 
functions. 
Functions 


of two variables can be handled by interpolating 
on 


a plane rather than along a straight line. Although 
this is more 
time 
consuming, 
requiring 
an inter- 


polation 
for each of the independent 
variables and 


a third 
to 
interpolate 
the 
final 
answer, 
it 
still 
provides a simple means of quickly 
calculating 
the 


required 
function. 
The 
use of tables can offer a 


powerful 
technique 
for function 
evaluation 
to the 


designer. 


RECEIVING 
SERIAL CODE-BASIC 


APPROACHES 


Many microprocessor 
based systems 
require some 


form of serial communication. 
Serial communica- 


tion 
is extensively 
used because 
it allows two or 
more pieces of equipment 
to exchange information 


with a minimal 
number 
of interconnecting 
wires. 


The minimization 
of interconnecting 
wires results 


in simpler, 
cheaper, 
interconnects 
because 
fewer 
(or 
smaller) 
cables 
and 
connectors 
are required. 


Since the required 
number 
of drivers and receivers 


required 
is reduced, 
it can become 
economically 


feasible 
to provide 
much 
higher 
noise immunity 
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with 
more 
sophisticated 
(and 
expensive) 
line 


terminators. 
The 
final, and 
usually 
most persua- 


sive, argument 
in favor of serial communication 


is that 
it may be the 
only 
method 
available 
to 


accomplish 
the 
job. 
The 
obvious 
example 
of 


this is telecommunications 
where 
it is necessary 


to encode 
parallel information 
into serial format 


in order 
to communicate 
via the 
telephone 
net- 


work. 
The intent 
of this section 
is to show how 


the facilities 
of the MCS-48™ 
can be brought 
to 


bear on the problem of serial communication. 


Probably 
the 
most 
common 
form of serial com- 


munication 
is that used by the obiquitous 
Teletype- 


serial ASCII. This format, shown in Figure 12, con- 
sists of a START 
bit (0 or SPACE) followed 
by 


eight data bits which are in turn followed by two 
STOP bits (I 
or MARK). 
In actual practice 
the 


eighth data bit usually consists 
of even parity on 


the remaining 
seven data bits; for the purposes 
of 


this discussion 
the eighth 
bit will be considered 


only 
as data. 
A minor 
variation 
of this 
format 


deletes one of the STOP bits. An algorithm 
which 


might be used to sample serial data under software 
control 
using a microprocessor 
is shown in Figure 


13. Th~ basic intent 
of this algorithm 
is to mini- 


mize the effects of distortion 
and transmission 
rate 


variations 
on the reliability 
of the communication 


by sampling each data bit as close to its center as 
possible. 
Upon entry 
to this routine 
the software 


first samples the incoming data in a tight loop until 
it is sensed as a MARK (logical one). As soon as a 
MARK is detected, 
a second loop is entered during 


which 
the software 
waits until 
the received 
data 


goes to a SPACE (logical zero). The purpose of this 
construction 
is to detect 
as accurately 
as possible 


the leading edge of the START bit. This instant of 
time will be used as a reference point for sampling 
all of the 
following 
bits in the 
character. 
After 


sensing the leading edge of the START bit a wait 
of one half the expected 
bit time is implemented. 


The period 
of the incoming 
signal is called P for 


convenience. 
At the end of this wait the serial line 


is tested-if 
it is MARK then the START bit was 


invalid and the process is reinitialized. 
If the line is 


still a SPACE, then the START bit is assumed to 
be valid and a delay of one bit time is started. 
At 


the completion 
of the delay the first data bit is 


sampled and a new delay of one bit time is initiated. 
This process 
is repeated 
until 
all eight data bits 


have been sampled. The last bit sampled is checked 
to determine 
if it is a valid STOP bit (a MARK). If 


it is, the character 
is assumed 
to be valid; if it is 


not, 
the character 
has a framing error and is pro- 


bably invalid. A listing of a program 
which imple- 


ments the above procedure 
is shown in Figure 14. 


A disadvantage 
of the approach 
outlined 
in Figure 


13 is that 
while 
the processor 
is inputting 
data 
serially it must 
totally 
dedicate 
itself to this task. 
Accurate 
timing 
can 
only 
be maintained 
if the 


program 
remains 
in a tight 
wait 
loop 
without 


allowing 
itself 
to be diverted 
to other 
functions. 
During 
reception 
of a character 
from a Teletype 


the processor 
will spend only a IOO~secsor so pro- 


cessing data and the rest of the 100 millisecs wait- 
ing to do the processing at the right time. This lack 
of efficiency (approximately 
0.1 %) in the utilization 


of processing 
power 
is why devices such 
as the 


8251 
USART 
find 
broad 
application 
in micro- 


processor systems. 
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The 
8251 
USART 
is simple 
to interface 
to the 


MSG48. 
Figure 
15 shows such an interface. 
The 


USART requires a high speed clock (CLK), an ini- 
tilization 
signal (RESET), 
data 
clocks 
(TxC and 


RxC), 
and 
data 
in order 
to 
operate. 
A circuit 


showing 
the 
connection 
of an 8748 
to an 825 I 


USART is shown in Figure IS. In the circuit shown 
the high speed 
clock 
(which is used for internal 


sequencing 
by the 
USART) 
is provided 
by con- 


inter 
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necting 
the CLK signal of the USART 
to the TO 


pin of the 
MCS-48. The TO pin of the MCS-48 


can either 
be used as a directly 
testable 
input pin 


or it can become, 
under program control, 
an out- 


put pin which oscillates at one third of the crystal 
frequency. 
(Note 
that 
once this pin is designated 


by the software 
to be an output 
it will remain so 


until the system is reset.) In Figure IS the crystal 
frequency 
is 5.9904 
MHz so the clock provided to 


the 
8251 
is 1.9968 
MHz, which conforms 
to its 


specifications. 


The initialization 
signal to the USART (RESET) is 
provided 'programmatically 
by manipulation 
of bit 


5 of port 2., It was necessary to place the reset of 
the 8251 under 
program 
control 
for two reasons. 
The first reason is that the MCS-48 does not supply 
a reset signal to other devices. The reason for this is 
that it was felt to be more useful to provide another 
pin of I/O function 
instead of a RESET OUT signal 


from 
the MCS-48. 
Although 
this situation 
could 


have been circumvented 
by the use of an externally 


generated 
reset which drove both the MCS-48 and 


the 8251, the second reason for program control of 
the reset to the USART still stands. The USART 
requires 
the 
presence 
of the CLK signal during 


reset 
in order 
to 
properly 
initialize 
itself. 
The 


ENTO CLK instruction 
which 
the MCS-48 must 


execute 
before the 8251 will receive the CLK can 


obviously 
not be executed 
until 
after 
the system 


reset 
has 
ended. 
Reset 
of 
the 
USART 
can 
be 


accomplished 
by the following code segment: 


ENTO 
ORL 
MOV 
LOOP: 
DJNZ 
ANL 


CLK 
P2, #001000008 
R2, #DELAY 
R2,LOOP 
P2, #110111118 


; TURN 
ON CLOCK 
; START 
RESET 


; DELA Y USAR T 
; RESET 
TIME 


;END 
RESET 


This code first enables 
the clock, then asserts the 


reset 
signal of a time 
period 
determined 
by the 


constant 
DELAY. 
The 
delay 
invoked 
is (10 
+ 


5*DELA Y) 
microseconds 
for 
DELAY 
>0. 
The 


USART requires 
a reset of approximately 
6 CLK 


periods so DELAY is chosen to be I which ensures 
adequate 
reset 
timing. 
Note 
that 
for delays this 


short, NOP instructions 
could also be used to time 


the pulse. 


The data clocks required 
by the USART are pro- 


vided by the modem if the USART is operated 
in 


the 
synchronous 
mode. 
In 
the 
more 
common 


asynchronous 
mode, 
however, 
these 
clocks must 


be provided by circuitry associated with the 8251. 


The 
5.9904 
MHz crystal 
was chosen because 
the 


resulting 
1.9968 MHz clock to the USART can be 


evenly 
divided 
to 
provide 
transmit 
and 
receive 


clocks to the USART. Assuming the USART is in 
the x 16 mode (i.e. it requires data clocks 16 times 
the baud rate) the 1.9968 MHz signal can be divided 
by 13 to generate 
the proper clock rate for 9600 


baud 
operation. 
This 
9600 
baud 
clock 
can 
be 


further 
divided to give 4800, 2400, 1200, 600, and 


300 
baud 
signals. The 
1200 baud 
signal can be 


divided by II to give a 109.1 baud signal which is 
within I% of the 110 baud required by Teletypes. 


The 
MCS-48 
communicates 
with 
the 
8251 
in a 


memory 
mapped 
mode 
(i.e. as if the 8251 
were 


external 
RAM). The instructions 
available 
to do 


this are MOVX oRj, A which stores the contents 
of 


the 
accumulator 
at 
the 
external 
RAM location 


addressed 
by Rj U=O or I), and its complement, 


the MOVX A, @ Rj instruction 
which moves data 


from 
the 
external 
RAM into 
the 
accumulator. 


Since the MCS-48 multiplexes 
addresses 
and data 


on the same eight bit bus an external 
latch would 


be required 
in order 
to address 
the USART with 


inter 
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; USART Cf'I) 


; 
USARl 
STATUS 


TEST 
VALUE 
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RO or R I. In order 
to minimize 
the circuitry 
in 


Figure 
IS an approach 
utilizing 
some of the I/O 


pins of the MCS-48 to address the 8251 was chosen 
instead. 
By connecting 
the chip select (CS) input 


of the 8251 to bit 7 of port 2 (P27) and similarly 
connecting 
the c(f5 address line of the 8251 to bit 


6 of port 2 (P26) it is possible to address the 8251 
without 
using RO or RI. The instruction 
sequence 


to access the 8251 is to first reset P27 and set P26 
to the appropriate 
state, use a MOVX instruction 
to 


perform 
the 
appropriate 
operation, 
and 
then 


finally set P27 to deselect the 8251. As a concrete 
example 
of this addressing, 
Figure 
16 shows the 


code necessary to initialize the 8251 and output 
an 


incrementing 
test pattern 
on a status driven basis. 


If more than one 8251 were to be added 
to the 


MCS-48, 
or if other 
types of peripheral 
circuitry 


would be required 
(e.g. an 8253 timer to generate 


the data clocks) it would probably become desirable 


to add the circuitry 
necessary to use RO or R I to 


address the peripheral 
devices. The circuitry 
which 


has to be added to Figure 
IS in order to make use 


of RO or RI 
to address 
the USART 
is shown 
in 


Figure 
17. Note that only the changes to Figure IS 


are shown. 
The additional 
component 
required 
is 


the 8212 eight bit latch. This latch is loaded, when- 
ever a valid address is on the bus by the Address 
Latch 
Enable (ALE) signal provided by the MCS- 


48. 
During 
an external 
read 
or write 
cycle 
this 


address 
is used 
to address 
the 
8251 
in a linear 


select mode. In the circuit shown, the 8251 will be 
selected 
by any address with bit 
I a logical zero 


(XXXXXXOX) and the selection of control or data 
transfer 
(C/O) 
will be based 
on bit 
zero 
of the 


address obtained 
from RO or R I. Figure 18 shows 


the 
program 
of Figure 
16 modified 
to utilize the 


addressing 
inherent 
in 
the 
MOVX 
instructions. 
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RECEIVING SERIAL CODE-A 
MORE 


SOPHISTICATED 
ALGORITHM 


Although 
the USART 
does 
an admirable 
job of 


performing 
the serial I/O 
function 
for the MCS- 


48™, 
there are some situations 
where it can not be 


used. These situations 
may be caused by economic 


factors, such as an extremely 
cost sensitive design, 


or because the code which must be utilized cannot 
be accommodated 
by the USART. An example 
of 


of such a code will be discussed later. Recall that 
the 
principal 
objection 
to the approach 
to serial 


input 
shown 
in Figure 
13 was that 
it consumes 


much of the processor's 
power by merely spinning 


in loops in order to wait preset time delays. 
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The timer resident on the MCS-48 provides a solu- 
tion to this problem. 
Instead of spinning in a loop 


the program can set the timer for a given interval, 
start it, and proceed to other tasks. When the timer 
overflows, an interrupt 
will be generated 
to notify 


the 
software 
that 
the 
present 
time 
period 
has 


elapsed. 
An extension 
of the algorithm 
of Figure 


13 which uses the timer in this fashion in shown in 
Figure 19. This algorithm is identical to the preced- 
ing one up until the detection 
of the leading edge 


of the start bit. At this point the timer is set to one 
half of the bit time (P) and a return is made to the 
calling program which can start additional 
process- 
ing. 
At 
the 
completion 
of 
this 
time 
interval 
a 


timer 
overflow 
interrupt 
is generated. 
When the 


first interrupt 
is detected, 
the serial line is checked 


to ensure 
that 
it is in a spacing condition 
(valid 


START bit). If it is, the timer is set to P (to sample 
the middle 
of the 
first data bit) and a return 
is 
made to the program which was running when the 


All mnemonics 
copyrighted 
@ Intel Corporation 
1976. 


interrupt 
occurred. 
If the serial line has returned 
to 


the MARK state, a status flag is set to indicate 
an 


error and a return is made. On subsequent 
interrupt 


detection, 
the data is sampled, 
the timer is reiniti- 


ated, and control 
is returned 
to the program which 


was running 
when 
the interrupt 
occurred. 
When 


the last (i.e. STOP) bit is detected 
a completion 


flag is set and a return 
is made to the program 


running 
when 
the 
timer 
overflow 
occurred. 
By 


periodically 
checking 
the 
error 
and 
completion 


flags the running program can determine 
when the 


interrupt 
driven 
receive 
program 
has a character 


assembled for it. 
. 


Using the timer to implement 
time delays as shown 


in 
Figure 
19 results 
in considerable 
savings 
in 


processing 
time; 
two 
problems 
remain, 
however, 


which must be solved before an adequate 
software 


solu tion to the problem of receiving serial code can 
be found. The first problem is that even though the 
delays 
between 
bit samples 
are implemented 
via 


the timer rather than program 
loops the loop con- 


struction 
is still used to detect 
the leading edge of 


inter 


the START bit. Although 
this results in the waste 


of processing 
power, 
the second 
problem 
is even 


more 
serious. 
For 
longer 
messages the 
required 


accuracy 
of the clocks 
becomes 
more and more 


stringent. 
Using the sampling 
technique 
discussed 


a cumulative 
error 
of one half a bit time in the 


time at which a bit sample is taken will result in 
erroneous 
reception. 
The maximum 
timing error 


which can be tolerated 
and yet still allow proper 


detection 
of an II bit ASCII character 
is then: 


0.5*BIT TIME 
O.5P 


Emax = CHARACTER 
TIME - ill 
= 4.5% 


where P is the period of single bit. The correspond- 
ing 
calculation 
for 
a 
32 
bit 
character 
yields: 


Emax = ~i:= 1.6% 


Since this calculation 
does not allow for distortion 


on the signals, it is obvious that either extremely 
stable 
clocks will be required 
or a more tolerant 


algorithm 
must be devised. This problem 
is parti- 


cularly serious at relatively high baud rates where 
the resolution 
of the counter (80jJsecs with a 6 MHz 


crystal) 
becomes 
a significant 
percentage 
of the 


period of the received signal. At the 110 baud rate 
of the Teletype 
the 80jJsec resolution 
of the clock 


allows 
a maximum 
accuracy 
of 0.33%; at 2400 


baud this figure is reduced to 3.8%. 
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Figure 20. Detecting RxD Edges 


1·15 


Both efficient detection 
of the start bit and increas- 


ed timing accuracy can be obtained 
if the MCS-48 


can detect 
edges on the 
incoming 
received 
data 


(RxD). 
A hardware 
construct 
which 
allows 
this 


is shown in Figure 20. 


The received data (RxD) is Exclusive NORed with 
bit seven of port two and fed into the TEST (Tl) 
pin of the MCS-48. By manipulating 
P27 the pro- 


gram can now cause TI to be either RxD or RxD. 
(If P27 = I then TI 
= RxD; if P27 = 0 then Tl 
= 


RxD.) Note that not only can TI be tested directly 
by the software 
but that 
it is the input 
which is 


used when the MCS-48 timer is in the event counter 
mode. 
The significance 
of this will be discussed 


later. The relationship 
between 
Tl, 
P27, and RxD 


is given by the Boolean expression: 


Figure 21 flowcharts 
a means of utilizing this hard- 


ware construct 
to avoid the necessity 
of wasting 


time in program loops to detect the leading edge of 
the 
start 
bit. The 
receive 
operation 
is initialized 


when 
the 
program 
desiring 
to receive serial data 


calls the INIT subroutine 
(Figure 21a). Since INIT 


is going to manipulate 
the timer the first action it 


performs 
is to disable the timer overflow interrupt. 


Its next step is to set P27 to a logical I. Setting 
P27 in this manner causes the TEST I input to the 
MCS-48 to follow RxD. By setting up the receive 
circuitry 
in this manner 
a high to low transition 


will occur 
on TEST 
I when the RxD goes from 


the MARKING to SPACING state (Le. the START 


bit 
occurs). 
By setting 
the 
timer 
to 
OFFH and 


enabling 
it 
in the event 
count 
mode, 
the 
INIT 


routine 
sets up the 
MCS-48 to generate 
a timer 


overflow 
interrupt 
on the next MARK to SPACE 


transition 
of RxD (the TEST 
I input 
doubles 
as 


the event counter 
input). 
Before returning 
to the 


calling program 
the INIT routine 
sets a flag (RDF) 


which will be cleared by the receive program when 
the requested 
receive operation 
is complete. 
INIT 
also sets a value into a register called BCOUNT. 
The receive program interprets 
BCOUNl as follows: 


BCOUNT= 


....•• 
V' 
J 


Number 
of bits remaining 


to receive 


If set indicates 
that the 


START 
bit has not yet been 
detected 


If set indicates 
that 
the 


ST A RT bit has not yet been 
verified 


In order 
to request 
the 
reception 
of the 
II 
bit 


ASCII code INIT would set BCOUNT to 1100101 lB. 
The start bit has been neither verified nor detected 
and II bits (lOIIB) 
are required. 


After INIT is called the reception 
of the individual 


serial data bits will proceed on an interrupt 
driven 


basis until a complete character has been assembled. 
When this occurs the interrupt 
driven program will 
set the RDF (Receive Done Flag) to a zero to indi- 
cate that it has completed 
the requested 
operation 


and then terminate 
itself. The procedure 
which is 


used 
to accomplish 
this is shown 
in Figures 
21b 


and 21c. 


Since all operations 
of this program are the result 


of the occurence 
of a timer overflow interrupt, 
it 


is necessary to briefly review the interrupt 
structure 


of the MCS-48. There are two sources of interrupt; 
an external interrupt 
which is the result of a logical 


zero signal applied to the INT pin of the MCS-48, 
and 
an 
internal 
interrupt 
which 
is caused 
by a 


timer 
overflow 
condition. 
The 
timer 
overflow 


occurs 
whenever 
the 
timer 
is incremented 
from 


OFF H to zero whether 
it be in the timer or event 


count 
mode. When one of these events occurs the 


hardware 
in the MCS-48 forces the- execution 
of a 


CALL. This CALL has a preset address of location 
3 if it is due to the external interrupt 
and location 
7 if it is due to a timer overflow. 
If both of these 


inter 


events occur simultaneously 
the external 
interrupt 


will 
take 
precedence. 
The 
CALL 
automatically 


saves the contents 
of the program counter 
for the 


running 
program 
and 
its 
PSW (program 
status 


word) 
on a stack the hardware 
maintains 
in RAM 


locations 
8-23. 
Although 
the hardware 
saves the 


program counter 
and PSW, it remains the responsi- 


bility 
of any interrupt 
driven 
software 
to make 


absolutely 
certain 
that 
it does 
not 
modify 
any 
memory 
locations 
or 
registers 
which 
are 
being 
used by the main program. 
The most convenient 


way of ensuring this in the MCS-48 is to dedicate 
the second bank of registers (RB I) to the interrupt 
driven 
program. 
One of these registers has to be 


used to save the accumulator 
(which is not part of 


the 
register 
bank) 
but 
seven 
registers 
remain; 
including 
two which can be used as pointers to the 


rest 
of the RAM (RO and R I). Note that 
if this 


approach 
is taken 
then these registers have to be 


allocated 
between 
the program which services the 


external 
interrupt 
and the one which services the 


timer overflow. This problem is somewhat alleviated 
by a hardware 
lockout 
which prevents 
the timer 


overflow 
interrupt 
from interrupting 
the external 


interrupt 
service 
routine 
and vice versa. This is 


implemented 
by locking out new interrupts 
between 


the time an interrupt 
is recognized 
and the time a 


RETR instruction 
is executed. 
The RETR instruc- 


tion is like a normal RET (return from subroutine) 
except that the PSW as well as the program counter 
is restored. 
The 
RETR 
instruction 
can be very 


much thought 
of as a return from interrupt 
instruc- 


tion in the MCS-48. 


The receive program under discussion uses register 
bank I in the manner described. 
Whenever a timer 


overflow occurs (e.g. on the next MARK to SPACE 
transition 
of RxD after 
INIT is called), control 
is 


passed (by the hardware 
generated 
CALL) to the 


point 
labled 
TIMER 
OFLO 
in Figure 
21 b. This 


program segment immediately 
selects register bank 


I (RB I) and then saves the accumulator 
(A) in a 


location 
called 
ATEMP which 
is actually 
R7 of 


RB I. The program then tests bit seven of BCOUNT 
(R6 of RBI) to find out if a START bit has been 
verified 
(i.e. the edge of the START bit has first 


been detected 
and then verified to still be a SPACE 


one-half a bit time later. If BCOUNT [7) is a zero 
the START has been verified and the program pro- 
ceeds to set the timer to P (the period of the serial 
bit), get the current 
serial data into the carry bit, 
and 
then 
shift 
the carry bit into a buffer. 
After 


saving the data the program decrements 
BCOUNT 


and tests it for zero. If BCOUNT is zero the receive 
operation 
is complete 
so the program sets RDF to 


a 
zero 
and 
disables 
timer 
overflow 
interrupts. 
Whether or not BCOUNT is zero, control is passed 
to EXIT 
where 
A is loaded 
with ATEMP and a 


RETR 
is executed. 
Note 
that 
since the state 
of 


the flip flop which selects RB I is saved as part of 
the 
PSW, the execution 
of RETR 
automatically 


selects 
the 
register 
bank 
which 
was active when 


the interrupt 
occurred. 


If BCOUNT [7] 
is still set when it is tested, 
con- 
trol is passed to START (Figure 21 c) where bit 6 
is tested 
to 
determine 
if the 
START 
has been 


detected 
yet. 
If BCOUNT 
[6] 
is set it indicates 


that this is the first occurrence 
of a timer overflow 


since 
the 
receive 
process 
was initialized 
by the 


INIT subroutine. 
If this is so, the program assumes 


that 
the START bit has just started 
and therefore 


it sets the timer to one-half of a bit time 0/2 
P), 


starts 
the 
timer 
in 
the 
timer 
mode, 
and 
clears 


BCOUNT 
[6] to indicate 
that the START bit has 


been detected. 
The nex t overflow will again result 


in the execution 
of the program in Figure 21band 


again BCOUNT 
[7] 
will be found to be set. This 


time, however, 
BCOUNT [6] 
will be reset and the 


program 
will know that it should test the START 


bit to ensure 
that 
it is still a SPACE. This test is 


performed 
and if successful 
the timer is set for a 


bit period 
P and BCOUNT [7] 
is reset so that on 


the nex t occurrence 
of a timer overflow the pro- 


gram 
will know 
that 
it should 
start 
assembling 


serial bits into a character. 
If the test is unsuccess- 


ful, the subroutine 
INIT is used to reinitialize 
the 


receive program. 
In either case control is passed to 


EXIT where a return 
from interrupt 
mode occurs. 


This 
receive program, 
listings of which appear 
in 


Figure 22, allows the reception 
of serial characters 


transparently 
to the main running software. 
After 


INIT is called the main program has only to check 
RDF periodically 
to find out if there is data in the 


buffer 
for it. It would be fairly easy to 'double 


buffer' 
this operation 
by providing a buffer which 


the receive program uses to deserialize 
the incom- 


ing code and a second buffer to store the assembled 
character. 
If the program 
would reinitialize 
itself 


upon 
completion, 
the 
reception 
of 
a string 
of 


characters 
could proceed 
in much the same way as 


it would if a status driven USART were being used. 


Although 
this program solves the first problem 
of 


software 
controlled 
reception 
(lack of efficiency) 


the 
second 
problem-sensitivity 
to 
frequency 


variations-remains. 
An example 
of a code which 


would be susceptible 
to this problem 
is the 31,26 


BCH code commonly 
used in supervisory 
control 
systems. 
(A 
supervisory 
control 
system 
is, 
in 


essence, 
a remote 
control 
system which allows a 


human 
or 
computer 
operator 
the 
control 
of 
a 


system via a serial communications 
link.) The BCH 


codes 
are 
used 
because 
of their 
error 
detection 


capabilities 
and are a class of cyclical redundancy 


inter 
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codes such as those used in synchronous 
data com- 
munications 
(e.g. BISYNC or SDLC). BCH codes, 
named 
for their originators 
Bose, Chaudhuri, 
and 
Hocquenghem, 
are characterized 
by having a length 
of n=2m-l. 
The number 
of redundant 
check bits 


can bt' mt where t is a positive integer (clearly mt 
":n). The 31,26 code fits this format with m=5 and 
and t= I. The length of each message is n=25-1 =31 
with 5*1 redundant 
bits, leaving 26 bits available 


for data 
transmission. 
With an appropriate 
poly- 
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nominal 
BCH codes can detect all errors consisting 


of 2t error bits and all burst errors of mt or fewer 
bits. The 31,26 BCH code will therefore 
detect any 


erroneous 
messages with 1 or 2 errors or bursts of 


errors of less than 5 bits. The 31,26 format (shown 
in Figure 23) requires 
the reception 
of a start bit 
followed 
by 31 information 
bits, clearly beyond 
the capability 
of the USART 
but perhaps 
within 


reach of a program controlled 
approach 
using the 


MCS-48 itself. 


STOP BITS 


START BIT 
CHECK BITS 
(MARKl 
lSPACEI 
DATA BITS 


+ ,-------------~---------,~,-.--... 


1010,:02: 
:0,.IC,:C2:C3:«:C,1 


Figure 23. 
31,26 
BCH Code 


A concept 
which reduces 
sensitivity 
to frequency 
deviations 
and thus allows the reception 
of longer 


codes is shown 
pictorially 
in Figure 24. The first 
line of this timing chart shows an alternative 
ones 


and zeros pattern 
on the RxD with a period of 5 


milliseconds. 
The 
second 
line 
shows 
that 
by 


sampling 
at a period of exactly 
5 milliseconds 
the 
data 
can be properly 
interpreted. 
The third 
and 


fourth 
lines show the effects 
of sampling 
with a 


period of six and four milliseconds respectively. 
In 


either 
case, an error 
occurs 
at the 
third 
sample 


where both 
periods 
result in sampling on an edge 


of the 
RxD signal. The 
third 
line of Figure 
24 


shows a hybrid 
sampling 
scheme which, based on 


some 
additional 
information, 
switches 
sampling 


periods between 
the two values. As can be seen in 


Figure 24, the data is sampled with a 4 millisecond 
period until the sampling begins to fall behind the 
data; at this point the sampling period is increased 
to six milliseconds 
and the sampling 
first catches 


up and then passes the center point of the data. As 
soon as this happens, 
the sampling 
period reverts 


to the 4 millisecond 
period and the cycle repeats. 


It can be seen that 
this scheme sets up a pattern 


which 
repeats 
indefinitely 
and 
the 
data 
can be 


successfully sampled. Note that the sampling pattern 
established 
is alternating 
periods 
of four and six 


milliseconds. 
The average period of this pattern, 
as 


might be expected, 
is 5msec. Line 5 of Figure 24 


shows the effect of a change in transmission 
speed 


to a period 
of 5.5 msec with 
no change in the 


sampling time. The sampling is again successful but 
the new sampling 
pattern 
is 4-6-6-6; 4-6-6-6, etc. 
Note that the average sample is again equal to the 
period of the received data (5.5). While this scheme 


does seem to work, the question 
of what additional 


information 
is needed remains. 


The MSC-48 must somehow decide when it is drift- 
ing out 
of 
synchronization 
and 
take 
corrective 


action. 
By referring 
back to Figure 
24 it can be 


seen that if the MCS-48 could determine 
where the 


edges of RxD occurred with respect to its sampling 
times 
then 
the 
additional 
information 
would 
be 


available. As can be seen in the figure the choice of 
sampling period can be based on the following rule: 


If an edge on the RxD 
line occurs during the 


first half of the cu"ent 
sampling period, 
then 


use the short period for the next sample. If an 
edge occurs during the second half of the period, 
then use the long sampling period for the next 
sample. 


If the data on the RxD line does not change, of 
course, the MCS-48 will drift out of synchronization 
just as the original algorithum 
did. As long as edges 


occur 
on TxD, 
however, 
synchronization 
can be 


maintained. 
To 
maximize 
the 
allowable 
time 


between 
edges, 
the 
following 
addition 
could 
be 


made to the above rule: 


If no edge occurs on the RxD 
line during a 


sample, then change sampling period from short 
to long or vice versa. 


Note 
that 
this addition 
to the rule will result in 


using an average of the two sampling periods when 
no edge occurs for several bit times. 


The edges of RxD can be easily detected 
by the use 


of the same structure 
(the Exclusive - NOR gate) 


which was added to the MCS-48 in Figure 20. This 
gate, 
which 
is used 
to detect 
the 
edge on RxD 


which begins the START bit, can naturally 
be used 


to detect 
any edge. Since the timer is being used to 


time the bit period, however, the event count input 
(TI) 
is not useful during the receive itself. By con- 
necting 
the output 
of this gate, however, 
to the 
rnT input 
to the 
MCS-48 (see Figure 
25) 
it is 


possible 
to detect 
edges on RxD with the event 


counter 
when the program 
is trying to detect 
the 


START bit and by the external interrupt 
when the 


program is using the timer to control the sampling 
times. 
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A modification 
to the program of Figure 21 which 


implements 
this new sampling algorithm 
is shown 


in Figure 26. The first deviation 
from the original 
program is the addition 
of a routine (XISR, Figure 


26a 
which 
is called 
when 
an external 
interrupt 


occurs 
(Le. when 
an edge occurs on RxD). This 
routine saves the status of the running program and 
then stores 
the current 
value of the timer register 


in a location 
called 
SNAP (R5 
of RB I). 
After 


doing these operations 
the program 
complements 


bit 7 of port 
2. Manipulating 
P27 in this manner 


will cause the Exclusive NOR gate to turn off the 
external 
interrupt 
and 
will set it up to generate 


another 
interrupt 
when the RxD line changes again 


(has another 
edge). 


Because of this edge detection 
it is important 
to 


condition 
RxD with hardware/ilters 
to ensure that 
the edges of RxD are clean. Any ringing will cause 
repeated 
CALLs to XISR and probable 
erroneous 


operation. 
The 
changes 
to 
the 
START 
process 


(Figure 26c) are two-fold; first the TIMER is set to 
one half 
the average of the 
two sample periods 


when 
the START bit is first detected 
(BCOUNT 


[6] 
= I), and second 
the processing 
of the edge 


information 
is initialized 
by presetting 
SNAP and 


clearing P27. 


SNAP is preset so that when the reception 
of data 


actually 
begins (Figure 26b BCOUNT [7] = 0), the 


decision 
block 
which 
tests 
SNAP against 
LIMIT 


will be initialized. This block actually compares the 
value in SNAP with a LIMIT value which is used to 
determine 
if the sampling point is ahead or behind 


the 
actual 
midpoint 
of 
the 
serial 
data. 
If the 


sampling 
is ahead then the timer is set for TMIN; 


if the sampling 
is behind 
then the timer is set for 


inter 


TMAX. By presetting 
SNAP in the manner shown 


in the flowcharts 
the second rule of the algorithm, 
(if 
no 
edge 
appears 
on 
the 
RxD 
line during 
a 


sample, 
then change the sampling periods short to 
long or vice versa) is automatically 
met. If an edge 


occurs 
then XISR will modify 
SNAP, if XISR is 


not invoked between 
two samples then the choice 


of 
timer 
periods 
will alternate. 
The 
only 
other 


significant 
change to the algorithm is that the INIT 
routine 
must now lock out all interrupts, 
not just 


the timer overflow interrupt, 
while it is operating. 
A program 
which uses this algorithm 
to receive a 


32 bit message is shown in Figure 27. 
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83 
'88 
.n 
,,)9 
S6"A 
'"~ 
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'" 
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'" 
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P2'-.; 
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,,. 
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1138 
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IIX 55 
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202 
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"'" 
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SUIT 
.060 
'" 
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DUll 
Pl,A 
". 
£L5( 
II&( 
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". 
"'" 
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'" 


00, 
.16f 
83 
". 
.n 


1<, 
CALL It'llT; 
'"~ 
, EI'lD Of PADGRN'I 
1<' 
EI'ID; 
", 
,"0 


Serial transmission 
is conceptually 
far simpler than 


serial reception since no synchronization 
is required. 


A1l that is required 
is to use the timer to generate 


interrupts 
at the bit rate and present the character 


to be transmitted 
seria1ly at an I/O pin. A program 


which does this is shown in Figure 28. The trans- 
mission of serial data becomes much more compli- 
cated if it must occur simultaneously 
with reception. 


If both 
reception 
and transmission 
are to occur 


simultaneously 
then 
obviously 
contention 
will 


exist for the use of the timer. It is possible to a1low 
the 
simultaneous 
reception 
and 
transmission 
of 


serial data using the timer as a general clock which 
controls software maintained 
timers. The attainable 


baud 
rates 
using 
such 
techniques 
are, however, 
limited and the use of a 8251 USART is probably 


indicated 
in a1l but the most cost sensitive applica- 


tions. 
An exception 
to this rule occurs when the 


system, 
although 
fu1l duplex 
in nature, 
actua1ly 


transmits 
the same data as it receives. An example 


of this is a microprocessor 
driving a terminal 
such 


as a Teletype. 
Although 
the circuit to the terminal 
is fu1lduplex, the data that is transmitted 
is genera1ly 


the same as that received. A minor modification 
to 


the program shown in Figure 26 would implement 
this mode of operation. 
The modification 
would be 


to the 
XISR routine 
and it would add the code 


necessary 
to place 
the TxD I/O pin in the same 


state 
as the RxD line. Since any change in RxD 


results in a call to XISR, this modification 
would 
cause 
the 
retransmission 
of 
any 
received 
data. 


Whenever 
it becomes 
necessary 
to transmit 
data 


which is not being received, the program of Figure 
28 could be used in a half duplex manner. 
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Sou~CE 
SlAl[M(''!T 
COC 0.' 
SEO 
SOURCE 
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.ur 
Ill. 
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1"(548 
•• " 
038. 
38 
"l 
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"'23A 
'" 
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TO USE puT 
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ll'l 
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.. 
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SEt 
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TO 
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.. 
"" 
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IT 
Wltl 
CtEAR 
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'S 
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.. 
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BIT 
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" 
so 
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EOU 
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; 
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Dr no 
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S. 
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.0 
,. 
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••• 
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•• 
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•• 
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•• 
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SS 
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•• 
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ac •• 
" 
""" 


CHA~A\I 
•• 
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: 
{,(T 
BIT 
II'ITO 
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•• 
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83 
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••• 
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END 
Of 
P~QC,Rll,/'I 
36 
SET 
TlD 
TO 
CA~~Y 
" 


GENERATING 
PARITY 


Many communications 
schemes require the genera- 


tion and checking 
of parity. 
If a USART 
is used 


it can be programmed 
to automatically 
generate 


and check parity. If the communications 
is handled 


by software within the MCS-48™ then the program 
must 
perform 
parity 
calculations. 
Calculating 


parity 
is easy if one remembers 
what parity really 


means. A character 
has even parity if the number 


of one bits in it is even. A character has odd parity 
if it has an odd number of ones. The program seg- 
ment shown in Figure 29 can be caused to calculate 
parity. It starts by setting a loop count to eight and 


•, 


2: 
•••••••••••••• 


3, 


•• 
: 
PARITY 
5: 
THIS 
PRQC,RAI'I c.£H[AATES 
PARITY 


6; 
ON 
THE 
ACClftJlATCR 


7; 
C,,"Y 
WILL 
B£ 
SET 
If 
A HIlS 
ODD 
PARITl 
.; 
9 
; 
•••••••••••••• 
"" 
12 
; 


13; 
EQUATES 


1'1; 
------- 


" 
16 
COUNT 
[au 
" 
18 
PAR: 
ORG 
,. 
"'" 
21 
(LA 
" 
22 


23 
lOOP: 
All: 


" 
.IlllI 


'" 
,PI. 
" 
28 


; 
SH 
LOOP 
CaUtH 


; 
Il'tlTIALlZE 
CARAY 


; 
fOR 
EACH 
ZERO 
BIT 
IN 
A 


. 
CCPf>LEI'£HT 
THE 
CARRY ru~(. 


clearing the CARRY flag. After this initialization 
a 
loop is executed eight times. During each execution 
the accumulator 
is rotated 
and the least significant 


bit is tested. 
If the bit is a zero the CARRY flag is 


complemented, 
if the bit is a one no further action 


is taken. Since an even number 
of zeros implies an 


even number 
of ones 
for an eight bit character, 
after 
all eight 
loops have been accomplished 
the 


CARRY 
bit will be set if an odd number 
of ones 


were encountered; 
it will be reset if the number 


were 
even. 
Since 
the 
RR 
instruction 
does 
not 


involve CARRY 
the 
net result 
of executing 
this 
program 
loop 
is to set CARRY 
if parity 
is odd 


without 
effecting the character 
in the accumulator. 


CONCLUSION 


This Application 
Note has presented 
a very small 


sampling 
of 
the 
application 
techniques 
possible 


with the MCS-48™ 
family. The application 
of this 


new single chip computer 
system 
to tasks which 


have not yet yielded 
to the power of the micro- 


processor will present a fascinating challenge to the 
system designer. 


APPLICATION 
NOTE 
. 


This application 
notes 
presents 
a software 
package 
for 


interfacing 
members 
of 
Intel's 
MCS·48™ 
family 
of 


single·chip 
microcomputers 
with 
keyboards 
and 
dis· 


plays 
using 
a minimum 
of 
external 
components. 
Be· 
cause 
of the similarity 
of the architectures 
of the vari· 
ous members 
of the family 
(the 8035, 8048, 8748, 8039, 
8049,8021, 
and 8022 microcomputers; 
also the 8041 and 


8741 
universal 
peripheral 
interfaces 
in 
the 
UPI·41'" 
family), 
the 
code 
included 
here 
could 
run with 
minor 


modifications 
on any member 
of the family. 


Since 
keyboard 
and 
display 
logic 
can 
be just 
one 
of 


several 
functions 
handled 
by 
a microprocessor, 
the 


added 
cost 
of including 
these 
functions 
in a system 
is 


minimal. 
In fact, considering 
the extremely 
low cost 
of 


standard 
X- Y matrix 
keyboards 
and integrated 
displays, 
their 
use is often 
more cost effective 
than even a hand· 


ful of discrete 
switches 
and indicators. 
Thus, the addi· 


tional 
flexibility 
of keyboard 
input 
and display 
output 


can be added 
to inexpensive 
consumer 
products 
(such 


as games, 
clocks, 
thermostats, 
tape 
recorders, 
etc.), 


while 
producing 
a net savings 
in system 
cost. 


Since 
each 
potential 
application 
will 
have 
its 
own 


unique 
combination 
of keys and display 
characters, 
the 


program 
is written 
so that 
very 
little 
modification 
is 


needed 
to interface 
it with 
a wide 
variety 
of hadware 


configurations. 
In general, 
the only 
changes 
required 


are within 
the set of initial 
EQUates at the beginning 
of 


the program. 


Along 
with 
the basic 
software 
for driving 
a multiplexed 


display 
and/or 
scanning 
and debouncing 
an X- Y matrix 


of key switches, 
a collection 
of utility 
subroutines 
is 


also 
included 
for 
implementing 
the 
most 
commonly 


used 
keyboard 
and 
display 
utility 
functions, 
such 
as 


copying 
simple 
messages 
onto the display 
or determin· 


ing the encoded 
value of each key in the key matrix. 
As a 


result 
of 
the 
versatile 
architecture 
and 
applications· 


oriented 
instruction 
set of the MCS·48 family, 
the entire 


package 
fits 
into 
about 
250 bytes 
of internal 
program 


ROM or EPROM, leaving 
the rest of the ROM space for 


the program 
to cook the perfect 
piece of toast, 
or what· 


ever. By tailoring 
the software 
to match 
a known 
hard· 
ware configuration, 
or by selecting 
only those functions 


needed 
for a given application, 
the program 
size could 


be even further 
reduced. 


Since what is being presented 
in this application 
note is 


a software 
package, 
rather 
than 
the 
usual 
hardware/ 


software 
system 
design, 
the format of this note is some· 


what 
different 
from 
most 
- 
it consists 
primarily 
of a 


long program 
listing 
reproduced 
in the following 
pages. 
For the most 
part, 
the listing 
is self·explanatory, 
with 


comments 
introducing 
each subroutine 
and major code 


segment. 
Some 
parts 
of 
this 
introduction 
are 
repro· 


duced 
in the program 
listing 
itself, 
explaining 
the con· 


figuration 
of the 
prototype 
system. 
However, 
an addi· 
tional 
bit of explanation 
would make the listing 
easier to 


understand, 
especially 
for those 
readers unfamiliar 
with 


the concept 
of multiplexed 
displays 
and keyboards. 


In traditional 
digital 
system 
design, 
various 
hardware 


registers 
or counters 
were used to hold 
binary 
or BCD 


values which 
had to be conveyed 
to the user. The stand· 


ard way of presenting 
this 
information 
was by connec· 


ting each register 
to a seven·segment 
encoder 
(such as 


the 
7447) driving 
a single 
display 
character, 
as repre· 


sented 
by Figure 1. Thus, two ICs, seven current 
limiting 


resistors, 
and about 
45 solder 
joints 
were required 
for 


each 
digit 
of 
output. 
Consider 
how 
traditional 
tech· 


niques 
might 
be (mis·)applied 
in designing 
a microproc· 
essor 
system: 
the designer 
c )uld add a latch, 
encoder, 


and resistors 
for each digit 
of the display. 
Still 
another 


latch 
and decoder 
could 
be used to turn on one of the 


decimal 
points 
(if used). The characters 
displayed 
could 


only be a sequence 
of decimal 
digits. 
In the same vein, a 


large matrix 
of key switches 
could 
be read by installing 


an MSI TTl 
priority 
encoder 
read by an additional 
input 


port. Not only would 
all this 
use a lot of extra 
I/O ports 


and increase 
the system 
price 
and part count 
drastic· 


ally, 
but 
the 
fleXibility 
and 
reliability 
of 
the 
system 


would 
be greatly 
reduced. 


Figure 1. Wrong Way to Design Multiple 
Digll Displays for 


Microcomputer 
Systems 
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tions, while allowing a wider range of character types to 
be used on the display. The techniques used here are 
fairly typical of today's integrated subsystems designed 
especially for controlling keyboards and displays (such 
as in calculators or the lntel<l>4269,8278, and 8279 Key- 
boardlDisplay Controller Devices). 


In a multiplexed 
display, all the segments of all the 


characters are interconnected in a regular two-dimen- 
sional array. One terminal of each segment is in com- 
mon with the other segments of the same character; the 
other terminal is connected with the same segments of 
the other characters. This is represented schematically 
In Figure 2. A digit driver or segment driver is needed for 
each of these common lines. 
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The various characters of the display are not all on at 
once; rather, only one character at a time is energized. 
As each character is enabled, some combination of seg- 
ment drivers is turned on, with the result that a digit 
appears on the enabled character. (For example, in Fig- 
ure 3, if segment drivers 'a', 'b', and 'c' were on when 
character position #6 was enabled, the digit '7' would 
appear in the left-most place,) Each character is enabled 
in this way, in sequence, at a rate fast enough to ensure 
that the display characters seem to be on constantly, 
with no appearance of flashing or flickering. 


In the system presented here, these rapid modifications 
to the display are all made under the control of the MCS- 
48™ microcomputer. 
At periodic 
intervals the com- 
puter qUickly turns off all display segments, disables 
the character now being displayed and enables the next, 
looks up the pattern of segments for the next character 


may now resume whatever it had been doing before. The 
whole display updating task consumes only a small frac- 
tion of the processor's time. 
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Moreover, since the computer rather than a standard 
decoder circuit is used to turn the segments off and on, 
patterns for characters other than decimal digits may be 
included in the display. Hexadecimal characters, spe- 
cial symbols, and many letters of the alphabet are pos- 
sible. With sufficient imagination this feature can be ex- 
ploited 
for some applications, 
as suggested 
by the 


examples in Figure 4. 
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As each character 
of the display 
is turned 
on, the same 


signal 
may be used to enable one row of the key matrix. 
Any keys in that row which are being pressed 
at the time 


will 
then 
pass 
the signal 
on to one of several 
"return 


lines", 
one corresponding 
to each column 
of the matrix. 


(See Figure 
5.) By reading 
the 
state 
of these 
control 


lines, 
and knowing 
which 
row is enabled, 
it is possible 


to compute 
which 
(if any) of the keys are down. 
Note 


that the keys need not be physically 
arranged 
in a rec- 
tangular 
array; Figure 
5 is merely 
a schematic. 


COLUMN 3 COLUMN 4 


RETURN 
RETURN 
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Since 
each character 
is on for only a small 
fraction 
of 


the total display 
cycle, its segments 
must be driven with 


a proportionately 
higher current 
so that their brightness 


averages 
out over time. This requires 
character 
and seg· 


ment drivers 
which 
can handle higher than normal 
levels 


of current. 
Various 
types of drivers can be used, ranging 


from 
specially 
designed 
circuits 
to 
integrated 
or dis- 
crete 
transistor 
arrays. 
The 
selection 
depends 
on 


several factors, 
including 
the type of display 
being used 


(LED, 
vacuum 
flourescent, 
neon, 
etc.), 
its 
size, 
the 


number 
of characters, 
and the polarity 
of the individual 


segments. 
Some drivers 
have active 
high 
inputs, 
some 


active 
low. Some invert their input 
logic 
levels, some do 


not. 
Some 
require 
insignificant 
input 
currents, 
some 


present 
a considerable 
load. Some systems 
use exter- 
nallogic 
to enable one of N characters 
or to produce 
the 


appropriate 
segment 
pattern 
for a given digit, 
some sys- 


tems 
implement 
these 
functions 
through 
software. 


Because 
of these 
and the other 
variables 
which 
make 


each application 
unique, 
provisions 
are made in the first 
page of symbol 
EQUates 
to allow 
the 
user to specify 


such things 
as the number 
of characters 
in the display 


or the polarity 
of the drivers 
used, and the program 
will 


be assembled 
accordingly. 
The display 
is refreshed 
on 


each 
timer 
interrupt, 
which 
occurs 
every 
32 x 
(TICK) 


machine 
cycles. 
'One 
machine 
cycle 
occurs 
every 
30 


crystal 
oscillations 
for the 8021 and 8022, or every 
15 


oscillations 
for all other members 
of the family.) 
A more 


detailed 
explanation 
of these variables 
is included 
in the 


listing. 


Port assignment 
is also at the discretion 
of the user - 


all port references 
in the listing 
are "logical" 
rather than 


physical 
port 
names. 
The port 
used 
to specify 
which 


character 
is enabled 
is referred 
to as "PDIGIT". 
The out- 


put segment 
pattern 
is written 
to "PSGMNT" 
and the 


keyboard 
return 
lines 
are 
read 
by 
"PINPUT". 
These 


logical 
port names may be assigned 
to whichever 
ports 


the user pleases. 


By way of example, 
the breadboard 
used to develop 
and 


debug 
this 
software 
used 
a matrix 
of 
16 single-pole 


push buttons 
and an 8-character 
common-cathode 
LED 


display 
with 
right-hand 
decimal 
point. 
No decoders 
ex· 


ternal 
to the 8748 microcomputer 
were 
used; 
all logic 


was 
handled 
through 
software. 
PDIGIT 
was 
the 
8-bit 


bus, PSGMNT 
was port 1, and PIN PUT was port 2. The 


drivers 
used 
were 
75491 
and 
75492 
logically 
non- 


inverting 
buffers: 
high 
level inputs 
were used to turn a 


segment 
or character 
on. PUll-Up resistors 
were used on 


the 
8748 
output 
lines 
to 
source 
the 
current 
levels 


needed 
by the buffers. 
The 8748 was socketed 
on the 


breadboard, 
and 
was 
driven 
with 
an inexpensive 
3.59 


MHz television 
crystal. 
The short test program 
included 


in this listing 
was used to echo key depressions 
as they 


were detected, 
and to invoke 
four 
demonstration 
sub- 


routines, 
A summary 
of the subroutines 
included 
in this 


listing 
with a short explanation 
of the function 
of each is 


included 
in Figure 
6; Figure 
7 shows 
how the various 


utilities 
interact. 


KBOIN 
Keybo.rd 
Input. 
WailS until 
one keystroke 
input 
has been received 
!rom the keyboard 
determines 
the meanlnQ or legend althat 
key. and 


returns With the encoded 
value In the accumulator 


CLEAR 
Blank out the display 


ENCACC 
Encode 
accumulator 
with 
bit pallern 
corresponding 
10 the segment 


pall ern needed by the display 
10 represent 
that symbol 
or character 
Uses the value 
01 the accumulator 
when 
called 
10 access 
a lable 
can· 
laH'lng 
the paUerns lor all legal Input values 


WOISP 
Wrile into Oispl.y. 
Writes 
the bit pallern 
In the accumulator 
mto the 
Ilell 
character 
POSitIon 01 lhe display 
MaIntaIns 
a character 
position 
counter 
so Ihat repeated calts WIll automatically 
write characters 
Into 
sequenllal 
POSitions 


RENTRY 
Rlght·hand 
Entry. 
Stores 
the accumulator 
segment 
patlern 
In the 


display mlhe 
rlght·most 
characler 
pOSlIlon 
Shilts all other characters 


to the lell 
one place 


PRINT 
Print a stnng 
of arbitrary 
characters 
onto the dIsplay. 
Usefut tor pro· 


mpllng 
messages 
warnings. 
etc 
Uses a table of segment 
patterns 
in 


ROM. so lhat messages 
Wilt not be restricted 
to numbers. 
lallers. 
etc 


Fill 
Fill lhe display 
Wllh the character 
pallern 
in the accumutalor. 
Useful 


for wriling 
dashes 
segment 
test patterns. 
etc. 
into all character 
posi. 


\Ions 


ECHO 
Walt lor a key to be pressed 
by the operator 
and wnte 
thai key onlo 
Ihe dIsplay 
Used for prOViding feedback 
to the opera lor when enter· 


109 numenc 
data. elC 


ROPADD 
Adds Of deletes a deCimal pOint to lhe characler 
at the fight-hand 
Side 
01 the display, 
lor entering 
floaling 
pOint numbers 


HOLD 
Called when a key IS known to be down 
Does not rei urn untIl all keys 
have been released 
Used lor organ·type 
keyboardS. or when some ac· 


lion should not be Inilialed 
until Ihe key invoking 
thai achon has been 
released 


DELAY 
PrOVIdes a crude real·llme 
delay corresponding 
10 Ihe value 01 the ac· 


cumulator 
when called 
Can be used to cause dISplay characters 
to 


blink. to momentarily 
flash information, 
to enable a buzzer. etc 
Could 


also be used by the program when delays are needed. such as 10slow 
down 
the compuler 
reaction 
rate while 
plaYIng a game against 
the 


human operalor 


inter 


MAIN 
BACKGROUND 
PROGRAM 


I 
I 
I 
I 


CLEAR 
PRINT 
ECHO 
RDPADD 
HOLD 
DELAY 


I 
.J~ 
FilL 


KBDIN 
ENCACC 
RENTRY 


Vee ,'\'I.UJ ,I 
:~ 
2 
•• •• 


" 
7 
• 
Vcc 
Vo 


• 
75491 
" 


RESET 


13 
,. 
!I'F 
2XTAl1 
l-1D~ 
XTAL2 


~ 
T I 
2O.F T 
5$5 


7. 
1 
"........ 
.'1 


vee 


11131.u,J ,I 


27 Pl0 
T1 39 


"." 
"b" 
"c" 
"d" 
"." "'" 
28 P" 
006 


ElElElElElElElEll 


---'! 
29 P12 
ALE 
11 


-" 
7 
30 P13 
PSEN 9 


• 
;5491 
" 
II 


31 P14 
PROG 25 


13 
" 


32 P15 
WR 10 


·MOST 
RIGHT· MOST 
I 


33 P16 
AD 8 


erER 
CHARACTER 
~ 


34 P17 


Vee 


VCC~ 
! l ! 
12DBO 


~': 


8748 


N.C.-' 
13DB1 


I 


N.c.3 
14 DB2 


" 


1S DB3 


7 
75492 
:: 
II 


1& DB4 
• 
17 OB5 
13 
180B6 


~ 


19DB7 


CD®0 


VCC~ 
- 
,1.' .2. 


~@JC!J= 
, 
14 
AVAILABLE 
{ lJ P21 


2 
, 
FOR 
23 .22 
EXPANSION 
1-= 
0@C!JEJ- 
" 
5 
\~ 
P2' 
- 
7 
15492 
" 
@@)@: 


N.C .....! 
~N.C. 
35 P24 


N.C.~ 
!!N.C. 
36 P25 


I 


37 P26 


I 
I 
I 
~ 
3a P27 


Vss 
EA 
'P 


ISIS-J1 
I'lCS-48r'ljr'I-41 
MHC~:.1'i",tr'lI:UI<', 
Vi. tl 
ANfl 
INTEL tiCS-48 
1:[,,'B0fl!1[,'[,15F'Lf1\' 
iiPPLlCFfI lOtI NGiE Af'F'ENDJ;; 


1 SHRffiuF ILE \~H 


2 HITLE' 
'AF4e 
INTEL M(~:-4i; 
I·E\'8IA'ifi[./['ISPLA" 
APFUC,nIOII 
NOTE RPPENOI:':'" 


4 ,THE FOLL(!\.lHlIJ SOFTloI~:E F'AClAG£ PF'O'miES 
H SEVEN SEGNENT [,ISF'LRV 


5 ' INTEF'FflG, 
FiJli MIC.'OCOMFUTE~:S iN 
lHE 
INTEL 'lCS-48 
Ft'I'iIL'i 


6 . THE COVE 15 ~ITTEN 
SO '(HAT '~AIIII)U5 H!MlWfiiic. 


7 ,(I.1NFIGI.~'fn 
IONS CRN bE A((,,:~10IJRTU' 
B',' ~EH 
H.HIG 
[rll nm IHL ','l'lIo:lilBI.ES 
8 .. IN 1105f SIfIJRTiONS, 
THE kE'!E:OA,'v/lilSF'LH',' 
ltHEF'FFtCE 
WILL F,;E JlEOl,lm:1' 
TO 


9 ,iI'iF'lEMEIIT 
MO~E SOPHISTlGfHEli 
,!NI'JlE-',HiP 
5',":;JEHS 
"UilC1JLATI)I.S, ,(RaS, W.OS, 


1~ 
,EiC), 
WITH SECTIONS 
OF T~t 
P,jLll.ilo!l/i'J 
::O[.E SE.ECTEv 
RND Mi)[olFlH' 
AS NECE3SA/I', 


11 
,Fm;' 
mCH 
AF'PLl CRTIC~' 


1',~ ' 
L .'A SINljLE 
S1JB~'(ij,ITlNE ",fUEi; 
"H~'SH} 
15 USE(, TO IMf'LEI'1ENT I::(ITH THE vISF'U't',' 


14 
,i'~,Il.IIPLE:>INtj 
fiN[. ~E"'l:~i) 
SC,UININlj, 
1.1:,1/1(, THE SAHI: 5irjNHl 
SC'fH 
11) ENAEU 


1~, ,ONE CHm'ACH:.' 
OF THf [,ISFU,'! 
ANI" ,0 
~,TF'OOE OM: ,'(+I Of T/'IE :~-vI E'< t1ATF'r~ 


16 
lHE SUB"'OIJTINE fKIST BE (ftU,E!; 
;;UffEIENTL,' 
,jHEtl 
TO tNSIj;'E 
THE iJlSPLAY 


l c. 
CHHF:ACTE"'S 
[JIJ NOT FLI (¥E~'- 
Ai LEA~,T S.! l:,)I'1FtUE 
l1ISF'I.A',' SCAtIS fF 
r"W:IIlC 


1:3 ,TO HCCWI0[-'!1TE SWITCHE~, Of !1i'i>IT;;HF',' 
CHEfiPtl£SS, 
[HE DElG.-JNCE TWi C:!il-lSE 


19 
,~-ET T,) BE ftt/'T' [lESrllEfJ 
f~.1HElE1Ior ((WHETE 
S,-RNS 


2~ 
,1H1.1S THE llEBC"-'NC£ WIE 
IS A FUItTiON 
'-'F BOlA 
iHE SCftN kfiTE AND THE ','A!.IJl 
~'1 ,(IF 
WNSfflNT 
'[iEStlCE' 


i~ ,IN 
THIS 
LISTING, 
THE INTE~NAL mu' 
I'; 
1,15[[:10 
tjENmm 
INTERIIUF"IS THRT 
24 
,SEII'./E 
AS A TIHE E:fiSE FO~' THE .'EfPESH 
5UBII:.Jl.lTWE 


<~"HlTE":NfHE 
TJI'IE BASfS 
MIGHT BE AN [·:TEPNHi. 
llSULLA[,jj.' 
w.mrliJ 
THE INTERIIOPT 


26 . f'IN 
OR POlLEli 
S" 
H TEST OP INPOi 
PIN '.' 
A S,jFT~:E 
lHI1',' 
LOOP IN THE 8AC~ljpOON(J 


27 
,F'fiOGI1Hr., Ofi PEI<I~~iIC 
CALLS Tli THE SI.:BPOUTINt. FfiW 
THF.'(lI.uJHQUTlHE USEF"S 
PIIOGffl1'1 


;':':' ,AT MfH:Of'1I1iHE 
PLACES 


29 
,IN 
THESE CA~,ES, 
THE COCol:STRIiTINrj 
AT LAt:EL flINT 
iTIMEF' 
INTE~'PUf'T! 
ANf' TlPE1 
]fj ,mINT 
"ElUIIN\ 
C(lOU, STILL 
BE 1.6El> TO :;A,'E AND "ESlOIiE 
A~i).ii1I-'Lt'TO'! CONTENTS 


~1, 
THE INHPPljf'I 
SE"",'ICING 
"'OOTlNE SELEers 
F'E!JrSTE'" 
BAtll< 1 


]2 
,FOR 
1HE NEEDEli IIEGI::TERS 


A, 


":5 ,IJI"ITTPI 
1::,,' .JOliN WHft~'T(jN, INTEL SINGLE-CHIF' 
COtlPUTEI< ftPPLlCATIONS 


]~ ' 
ii 
SElECT 


inter 


ISIS-II 
MtS-48/UF'H1 
"lIf:RO HSSEI'lElLER., V-;; B 


RP4£f 
INTEL 11C5-48 
KEYBOAR[i/liISPLfl't' 
f1I'PllCATION 
PlOrE APPENl>lX 


$8 
,IN 
THIS 
Ii'lPLEtENTAl 
WI; i;: THE DI5f'Lil't' 
SCAN, 
IT 
15 ASSUI'lED HiM THERE WILL 


39 ..BE RELATI','EL',o LITTLE 
110 
OTHER THAN FOj;' THE KE"'B(,IffiI1Ili15f'1.A'f 


4ll ,IF 
THIS 
IS 
[1£ CftSE, 
THEN THERE IS NO NEErI FOil F()fI HN',o ADDITIONAL E>:1EIi'NAL 


41 
. LOGIC ($OCH AS 0NE-lJ 
-EIiJHT 
I1W)[)Ul5 011 OEIiEN-SEIJMtNT 
ENCODERS), 
THOUGH 


42 
,THE~'E WILL STILL 
BE A NEED FOli' Cl~ENT 
OR "Ot..TAOE Dl"IVER5, 
ACCfJRDIN6 
1(1 


43 
. THE TYPE ~ 
[)(SPLAY 
BEING USED 
44 
. 


4S 
. IN THIS 
lISTlN(,. 
THE PROCES;QrI 
1'0 
PI)\TS 
AIlE LOOICfltH 
DIVIC{{\ 
~ 
FOLLOWS 


46. 


47 
. FT,IGIHIr,HT 
Bll 
~UIT 
USED TO ENFtSLE. 
ONE AT f1 TiI'1E., 
THE II(lIYIC~JAL 


48 
' 
CHAPACTEIi'S OF RN EIGHT DIGH 
sH'EN-SEGI"tl::NT 
11I SPLA','. 
WHILE ALSO 


49 
. 
STP(E<It¥j 
THE li'OW5 I)' AN X-',' 
HAT1i'IX k['r'E~)fll1[; 


~00 ' 
sir 
EIRllE5 
THE LEFTMOST CHAflACTE~' HI(.) lHE BOrrel/'! 
ROW iJF THE Ibr·., 


51 
' 
SIT4 
ENAIlLE5 THE T[lf' ~'OWOF THE 4X4 f.E:li HND THE. "JI.iPTH 
I.HHRACTE~, 


52 
' 
BIHt 
ENABLES THE ~'IGHH10ST 
CHAAAC',ER 


5:; 
, 
IA 4;;'8 KEYSOAl<C,COl.U, 
1.<£ :.TiiOBtli 
E:',' ALSC: 
lISUJ(, 
BIB-BITB 


~04 . 
Al-I) EXTENDING 01/ ELlMINAT ING THE TARE, 
·LEIit1l6" 
) 


55 
' 
H£ ENABliNG 
OF I:)IE BIT 
IACTI',,'E HHiH OR LOW, IS ACCOM!)[IATE[i B',' 


~,.:, . 
ACCESSING A LOOHIf' 
TABLE CHlLtD 
CHI<5TB 


Sf 
. 
THIS 
TECHlH~JE 
TAKES AECtUT FOl~ 
E:vres 
'lOFE .'0/'1 IHflN A IECH/HQUE 


58 
. 
OF li'fJTATING H 'ONE 
THl/((Il:,H A rlELl' 
OF 
ZEPOES' 
IN THE Hce 


59 
' 
RN RPf'Ii'OPPIATE 
NUl1BEIi' OF l1I1fS, 
BUT IT ALLUio/S SOME ACJ(IITIONI'lL 


6e 
' 
FLEXASILlW 
IF 
THE C"'IVERS 
BEING uSer, 
HAVE fl COMBINRTOPItlL 
INPUT 


61 
; 
(AS 
IN THE 7545:< 
Fftl't1LY Of' HHiH-CI.IPRENT, 
HIGIHOI. 
TAGE [,pI'JE~'S)· 


62. 
THE (;H~;STB TABLE CWl.[l PROVIDE EHCOCiEv OUTPUTS. 
NINE vIGITS, 
FOP 


6:; 
. 
tXAl1fU. 
(;IJl.Jl.v BE ENABLED WiTH ~IX BITS 
01 
(IJUFFEREI1', 
OliTPUT 


64 . 
(1;01001. elWWl. 001100, B1oool. e1001e. 010100, l00t(ll. 
100010. 1001~f13) 


65 
. 
iF 
1/0 
LINE~· NEED TO BE CONSEIi''r:ED. OR IF i'1fiNY DIGITS 


66 
. 
MUST BE DI SPLfl',om, 
RN EXTEPIR. 
D!:D.ll)f1i' COtH 
BE flJ{)ED 10 THE S','STEM 


67 
' 
DUI"ING CHfillACTEIi' [RHNSITIONs 
A 'BLH' 
(HAI(ftCTER 
IS 
6B ; 
EXPLIcm,,' 
WilITTEN 
10 THE I1JSPlfl',o 
THUS, 


69 
. 
THERE WILL BE NO CHHRACTER "SHfivOWINO' 
CAUSE[> BI' THE 


70 
. 
FACT THAT THE HA1i'[lWAIIEOf( 501"1WARE DECODER KEEPS ONE 


71 
' 
OUTPUT. 
At{) THUS ONE CHftRAcTEIi', 
ACTI','E AT ALL T1I'lES 


73 ,PSGl'1NT-EIGHT 
BIT 
PORT TO ENABLE THE SE','EN SEGf1ENTS & D P 
OF A STANDRRC, 


74 
. 
DISPlA't' 


75 
. 
BIT7-fllHi 
CORI<:ESPl~ 
TO THE DI' RNCISEGI1ENTS G TH1i'OlIGHA, 
RESPECTlVEL'" 


76 
' 
IT 
IS POSS IBlE 
TO ACCOI'lOI)fHE 
n . 
DRIVEIi'S IolHICH flI1E EITHH' 
LOIJICALLY INVERTI/~:; 
OR NON-INVEPTING 
BY 


?8. 
SETTINfj 
VARIABLE 
'S~IJPOL' 
(SEGMENT POlA~'lTY) 


79 
; 
NOTE THAT B'" HAVING RIIBIlRAR'r' 
CONTi<Ol OVEIi' EACH SEGI1ENT, NON-NUI'IE~'IC 


se 
' 
CHIlI1RCTE~'5 CAll BE REPRESENTEf! 011 A SEYEN SEGl1ENT v ISPLAY, 


81 
' 
AS 5H011l 
IN EXAMPlE SlJBRourlNE 
'TEsT2 


inter 


ISIS-II 
I1CS-48/UPJ-41 
"AC~'O AS5EI1EUR, 
V2 8 


AP48 
INTEL "IC5-48 
r,EYBOiRf)iC'ISPLRY 
APPLICATION 
NOTE APPENl)li': 


84 
PINPUT-WJP 
HI,jH-IJRDEr.:' BIlS 
lISE[' fi: INPUTS 
Fm'l 
TfIE KE~'BOftRf) RETU~'N LINES 


85 
. 
ASStit1f5 
THAT ArE', 
[i(lloIN IN 
HE CUR~ENTL'r' ENABLel 
RW 
IoiIXJU; 
r.:'EllIPN 


86 
: 
A LOW LEVEL 


87 
' 
IN THIS 
CASE, Bm IiHURNS 
THE LEFTHOST C[t1J1'lN, 
&114 
THE r.:'IGHTI'tOST 


88 
' 
THE HIGH-(~'lJER 
BIlS 
AliI' USE[J Sf) TfiAT IF 
AN Off-CHIP 
DECOVER IS 
USEr, 


89 
: 
TO ENABLE UP TO 16 
CHAliACTERS, 
I'Oil Ei'ML£. 
IT COULD BE W! liEN B', 


ge ' 
THE LOW or,DH 
Il I rs OF THE Si1IlE P~'1 
91 
, 
NOTE Ft.SO THflT IF A SIXTEEN 
KE', HflH.l'~ 
WERE lI.Hrr.:'ICALL',' 
,)IIGANI~E£' 


92 
' 
IN ft Z,8 ARRAY. ONLY TWO RETUFN LIN£S 
w(uJU' 
UE NEErH, 


93 
, 
(IN 
THIS 
CASE. 
FHHAP5 
T~ riPll' Tl 
(liI,lll' 
B£ USB' 
FOR INPUT E:IT:;, 


94 ' 
95 
,PULL-LIP 
''£5IsTOR5 
I)N THE r.:'ETIJI"NLlNE~, MIGHT B£ 
HI 'JRrJlJ' 
IF 
THUE 
IS AN'~ 


% ,POSSIBILIW 
OF A HIGH-II'1PHifNCE 
CONrAn I 1"1' F'HTH THRWfJii 
THE SWITCH WHI'II 


97 
,IT 
IS 
SLif'f'USED TO BE '(If HI 
98 
,<THIS 
PHENOMENON HAS ACWALL'I 
BEE'N I)E:SEr.:'lIEl' 
J 


100 
, THE r""I't'EIi'~, lISEr, 
~N THE PROTOWPE 
WEJ.'E HLL NON-INVEr.:'TING 
IN THAT 


Itl1 
,A HIGH LEVtL 
ON ftN LdJTPI.lT LINE 
i~ USEl' 
TU II.1I1N f1 CHtiRI'iCTE~ Of' SEJJio1f~T ON 


U,2 
' THERE ARE A TO fAL OF SEVEN l/~ 
LINES 
LEP 
O'y'EF' 


18, . 


1tl4 
,THE 
FtlGOl<lTHH 1'01<'lifiI','l/lGIHE 
DISF'Lfl'r' 
USE~, A l<lOU 
OF INTE~Plfll 
r<flN 


HI') 
; AS [jISPLA',' 
~'EGISTEPS, 
WITH IJNE I:Wit: COf'I1ESPI)N[J1Nl1 fO EACH CHt1f<'ACfEr<f.lf THE. 


let ;[)IsPLAY 
THE. EIGHT 'BITS 
Of EACH Byn: 
C,JRI'E9'ONr, 
TO THE SEllEN 5E.GMOHS 
& [,I" 


107, 
Cif EACH CHHIi'ACTER 
IF AN EX1Er<Nfil. ENeWER 
IS IJSEfJ "StiCH flS A FOLIP-BIT 
TCI 


H18 
: SEVEN-SEGo'lENT ENCOCH 
Of' H F.'OMfC~ 
TJlftNSLATING ASCI! 
TO 
109 
;SIXTEEPI-SE.Gl'lENT 
"STARBIJf'ST" 
[Jj~,"LiW 
FATJERNS)., 
THE fABLE EN~:IEs 
IoI(~JU; Heu 


118 
,THE 
CHfiRACTEJI C00E5 
iIN 
fHE FOI\MER' i.l6E, 
AN IJNUSED BIT 
CuULl' 
llE I.r.:;m 10 


111 
,ENABLE 
THE [, P ) 


11<: : THOS.. IoIPITING CHAf'f1CTERS TO THE [;IsPli",' 
FR(~'l THE BACK(;IWIJND PIi'OOl"AM 


113 
,I1EFtlL~' 
ENTAILS 
WRITING 
fHE AF'PROf'r.:'lIHE SEGHEIH 


114 
,PATTE[<NS 
10 A [jI5PLil'r' 
REGISTEF- 
THE. Hi.Wfl/.. IJ.JTPUTTlNG 
IS AUIOl'lftTlC 


115 
; THE LEFTMOST CHAAACTEII CORRESPOND::, iC, THE LAST BYTE Of 
THE DISPLA~' 


116, 
RE.GiSTERS, 
AND IS ACCESSEV BY NEXTPL=8 
,SEE 
SOI.JRC[); 
fHE RIGHnlO~:T 


117 
. CHilf"tiCTER' IS 
THE FIRST 
DISPLAY 
B~'TE, 
WHEN NEXTFl=1 


118: 
I.lTILIT'·' 
SJ.JBROUTINE~, AIi'E iNCLlID[D 
HEliE TO WffN'lATE 
FOlIR BIT 
NIJ/'1BERs TO HEX 


119 
,;[JIGIT 
PffHERNS, 
AND IoiIITE 
THEM iNTO THE r,ISPLA'( 
[<EGIsTERS 
SEQlJENlIALL~' 


128; 
(EITHER 
FILLING 
FRO!'! THE LEFT- 
H, P 
CAW.lLATOI<: ST'1'LE: OR FRO!'! THE 


121 
;RIGHT- 
T I 
ST'r'LL 
SlIBROLITlNEs 
W()I5P AI{) RENTRY, 
I1ESFECTIVELI', 


12'2 , 


123 
: THE KE."'BOAIi'[)SCANNING ALGOfIITHH SHOWN HERE REI)U1RES A ~E', 
B£ DOWN F(lii 


124; 
SOl'll' NI.JI18EJI OF COMPLETE DISPLA'r' 
SCANS TO B£ ACKNQl.lLEGED 
SINCE 
IT 
15 


125 
: INTENroH) FOR 'ONE-F INGEIi" 
OPEI1ATI(~l, 
TWO-KE'r' ROLLO\IER/N-KE', 
L;,lCWJT 
HAS 


126 
;EHN 
IHPLEMENTED 
HOWEVEr<, t10l)JFICATIONS 
1ol0liLr, BE. POSSIBLE 
TO ALLOH, 
Filf 


127 
,EXAMPLE, 
ONE ~nIN THE I1ATPF 
10 BE USED HS A SHIFT 
KH' 
Of<'CONTfiOL ,H 


128 
,TO BE HELV DOWNWHILE ANOTHER ~E'i 
Hl 
fHE ~1ATI<'IX :S 
PRESSElJ 
\ SEE NOTE WITHIN 


1;09, 
THE BO[N OF THE L! STI NG, :' 


13B ' 
131 
IEJECT 


inter 


ISIS-II 
IlCS-43/UPI-41 
"ACRO ASSEME<m, 
','2 ~ 
PAUE 
4 


AP48 
INTEL IlCS-48 
KEVBOARI.V[,ISPlA'r' 
AFfUCRTION 
NOTE H?PENDix 


l?-2 ; (BE AWftI<'ETHAT NO l'Il:n 
THifl TWO '1"S 
CAN EVER BE r~ 
lH.ESS 
r'IOOES 


13:; 
,ARE PLACH! 
IN SH:IES 
~ITH 
ALL OF THE SWITCHES- 
CEHtHNL'r' 
NOT THE CASE FO~' EL 
134 
,CHEAPO KE'r'BOAIIDS- BECrt~ 
SIJlE 
uIMBI'*lTIONS 
i.f THli:EE KEYS (J()WNWILL RESI1. T 


135 
; IN k 
'PHANTO" 
FOUIITH KE••' BEING PERCHVH, 
136 
,THE PHftNT~ 
KE••' WOUL(; BE H£ 
W./RTH 
COIII£~" 
WHlN I~EE 
~HS 
FORI1l1l1j 


137 
,A II'ECTffi.;l1.J1j;' PATTERN !IN 
THE ,:-', 
~E" 
MHTIIIX, ~E 
OOWN \ 


1:>3 ,IF 
Dll)(lES 
fij;'E PLACEr' W THE SC~ING 
"11~:A'f' CONSiDERATIONS "IJST BE NAVE 


139 
,ABOUT H04 THE DIOOE VOLTAlJE [)I;(IF WILL AFFECT ihnlT 
LOGIC LEVELS 


14!l , 


141 
.WHEN ~ ['EBOllNCEO fEY 
IS DETECTH'. 
THE N1Jl'lBU' OF ITS POSITION 
IN THE rE" 


14~ 
,i'lATl1lX 
ILEFT-TO-IIIGHT. 
8Om~I-To-roP, 
STAHING 
FII'OM !l!l) 
IS PLACED IIlTO 


145 
,~~ 
LOCATIONKBll&IJF' 
AN INPUT SllBl'OiJTlNE 
THEN NEED ONL'r' ~'EfID THIS LOCATION 


144 
,REPEATEDLY TO (lt1EJ<:MINE lJHEN k KE',' HAS BEEN PI1ESSEC, 
WHENA m' 
IS DETECTEi, 


145, 
A SPECIAL 
CWE 
B••'TE SHOUlrJ BE IoIRITTEN BAC' 
TO iNTO 
'KBOOIJF 
TO PREVENT 


146; 
PEREATEr· rHm 
IONS OF THE 5flt1E KE\' 


147 
; THE ~'OUTINErB[)iN' 
[>EMO'lm~AIES· A T','PICAI. 
INPUl 
PR010COL, 
ALONG wITH A MEnl(~; 


148 
.;For< TRANSLATING A 'H 
POSiflON 
10 ITS ASSOClA1Ef, 
SIGNIFICftNCE 
B'" kC':!:.'S,ING 
149 
; TABLE 'WiNOS' 
IN ROM 
150 ' 
151 
SEJECT 


inter 


ISIS-II 
"lCS-4S/!)f'I-41 
tiHtllO 
A5SEMBLEJ:, 
1/2.;) 
PflGE 
5 


ff'4i) 
INTEL 1'[5-48 
KEYBI:iiP(l/DISPLA't' 
APPlICATI~ 
"lTE 
Af1'ENDI:< 


152 .•*~.*II·'"'~""I'**"""""'*******'**'***"*"****'**'***'**" 
l'5J ' 
154 , 


155 ' 
156 ,*,,,,,*,,",.**,*"",*,*",**-***""*",**''''''***,,,*,***,* 
157 ; 


158 
PDIGIT 
~f)1J 


159 
PSGt1NT 
EQlI 


160 P INPUT 
WJ 


161 
162 
16] 
164 
165 ; 
166 POSLOG 
167 
NEGUJ13 


168 
E9 
CHRF1JL 


17iJ SEGPOl 


171 
WFHSf. 


1"', 
t~ 
, 
In CHARNO 
1;'4 ~1I;'O"S 
175 NUllS 
176 . 
177 TICr. 


178 l>EBNf.l' 


179 8LA~lI< 
180 
181 
182 . 
183 ENCHSJi 
184 . 
185 lEJEO 


.•USED TO ENABlE 
CHARACTERS Af() STRa3E 
ROWS (1C KE'r'8lBD 


,USED 
TO TlJRIl ON SEGI1ENTS OF MRENTL 
V ENABlE::D DIGIT 


,PORT 
USED TO SCAN FOR KEV CLOSURES 


.•(NOTE THAT THIS 
PORT ALLOCAl ION USES 
THE HIGHER 


; WIIIIENT 
SOURCING flEILIT'T' 
OF Tf£ 
BUS TO SWITCH ON HE 


,DIGIT 
Dl"I'-lERS, 
Af() 
LEAVES P23-P20 
FkEE 
FOR USII«i 


,AN ~:243 
PORT EXPAt()E~' 
IN 1HE SYSTE/1. ) 


POSLOG 
,DEFINES 
Hl£THER 
o:JTPlJi 
LIlES 
ARE ~TIYE 
HI OR LOW 


FOSLOfj 
,'-.HiK 
[UnNG 
CHARACTERS fW SEGIlENT PAllERl1S 


I;lHIli 
,en illES 
81lS 
USED 'IS 
INPUT 


; NUMBEP OF DIGITS 
IN DISPLAY 


· ~'OIolSC'F KE'6 
(LESS 
THAN OR EQIH 
TO CHARNO) 
,LES5H' 
DltiENSION 
OF KEYBl)lRD 
I1ATRIX 


-le1l 
4 


O€lH 


· r:ETElit'llllES 
INTERRupr 
INTER'~AL 


NUMBER OF SliCE5SIVE 
SCANS BEFORE KEY CLOSURE ACCEPTED 


eWE 
TO <:LANK DISPLAV 
CHARACTERS 


· (~C~-'lD BE 2e1l 
IF 
ASCII 
r'£COOING 
RI)1 USED OR aFH 
IF 


.7447-T'iPE 
SEVEN-SEG/'IENT 
DECODER EXTERPR. 
1'0 8748) 


ISIS-II 
";S-48IlfI-41 
I1ACROASSEIRER, 
Y2. il 
PIG 
6 


AP49: 
INTEl,.;s-48 
KEYBOAROiDISPUWAPPLlCAHIll 
NOTEAPPOOIX 


186 ; .•••••• 
_ 
••••••••••••••••••••• 
_ 
•• _-_ 
•••• 


187 -' 
188 -' 
189 ; 
198 ; POINTERS USEDFOR INDIRECT RIll ~SSING: 
191 PNTR8 
EQU 
R9 
192 PNTR1 
EQU 
1<1 
193 NEXTPl 
EQU 
R7 
194 
195 ; 
196 ; ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 


197 -' 
198; 
199 ; 
298 ; PNTR9 EQU 
281 ; PNTRi 
EQU 
282 RSRYE 
EQU 
293 ROTPRT EQU 
284f<OTCNT EQU 
295 LASTKY EQlJ 
296 ~IG 
EQU 


287 ; 
298 ; ••••••••••• 
- 
•• _ 
••••••••• 
_ 
•••••••• 
_ 
•••• 
__ 
••••• 


289 ; 
219 ; 
211 ; 
212 IftPTS 
EQU 


213 KEYLOC EQU 
214 KBOBlf 
EQlJ 
215 
216 RIlELA\' EQU 
217 ; 
218; 
219 ; 
229 SEGIlAP EQlJ 
221 
222 ; 
223 ; ••••••••••••••••••••••••• 
- 
••• _ 
•••••• 
_ 
•••••••••••••••• 
224 ; 
225 , 
226 ; 
227 ; 
228 ; 
229 ; ••••••••••••••••••••••••••••• 
*••••••••••••••••••••••••••••• 
239 ; 
231 fEJECT 


; USED TO KEEP TRACKOF ~TER 
POSITION BEING 
; WRITTENINTO 


; HOLDSACCUI1fA.flHJlYRUE ~ING 
SERVICE ROUTINE 


;USED TO fO..D INPUT PATTERNBEING ROTATI:DTHROOGHCY 
; COlJlTS IUtBER OF BITS ROTATED~ 
CY 
; HOLDSKEYf'OSITI~ 
OF LAST KEY DEPRESSI~ 
DETECTED 
;IU.DS 
POSITI~ 
OF NEXTC~TER 
TO BE DISPLAYED 


-'KEEPS TRIO:: OF SlXCESSlYE REfI>S OF SAllE KE\'STR(j(E 
; llU:EP£NTED AS SlXCESSlYE KEY LOCATI~ 
SCAlf£D 
; CARRIES POSITI~ 
OF DtBWlCED KEY FklJI REFRSHROUTINE 
;, 
BIl:K TO BACK(i1(lN) PROORIft 


; I«W-ZERO lIEN DISPLAY IN PROORESS 


; BASE OF IlEGISTER ff(RAY Flll DiSPlAY PATTE~ 
-', 
(COltD BE AlMi£RE 
IN INTERNALRAIl) 


/(lTE THATLASTKY, ClRDIG, AI{) F1 RETAIN STATUS INFOf<IIATIONFROI'l 
ONE INTERRUPTTO Tff. NEXT, 
All 
OTfER REGISTERS MAYBE USED IN 


THE USER'S OWNINTERR\.fT SERVICING ROUTINE 


ISIS-II 
IICS-48/UPI-41 
IlACRO ASSEI18lER, 
~'2. a 
PFa 
7 


AP49' 
INTEl 
IICS-48 
KEl'BOftRDr'DISPLAY 
ff'PllCATION 
NOTE APPENDIX 


900"1 05 
0098 HA 
0009 23F9 


llOOB 62 


ooeE FA 
BeeF 93 


232 , 


233 .;***********************************,~********************,~*~ 
234 ; 


235 
OIIG 
008H 


236 
JMP 
INIT 
237 ; 
238 ; 


239 ; *********************************************************** 
249 • 
241 
OIIG 
242 
; 


243 
; TIINT 


244 .; 
245; 
246 
.; 
247 , 


248 
TIINT' 


249 
250 
251 
252 ; 


253 ,********'*************************************************** 
254 ; 


255 
.' 
THE USER'S 
OWN TI/1ER 
INTERRUPT 
ROUTItlE 
tIF 
IT EXISTS) 
COUl.O 


256 
, 
BE Pl.ACEO 
AT THI 5 PO I NT 


257 
; 


258 
.;***************************.~**********•.**************·H**'. 


1 HlER 
INTERRtJPT 
SUBROUTIIf: 
CALl. I'IADE TO l.0(; 
lJe';'H 
wHEN Tli'IH: 
TIr-1E5 OUT 


TIMER CAN BE RE-INITIALLIZED 
AT THIS 
POINT 
IF IJESIRED. 


USED HERE TO CAUSE THE DISPLAY 
REFRESH 
AND KE~' SCAN ROUTINl:S 
TO 


BE GALLED PER IODI CAlL'~ 
SEl. 
RB1 


MOY 
ASA't'E, A 


tl:JY 
A, ITICK 


I'lO'.' 
I,A 


259 , 
269 


261 
' 
262 
, 


263 ; 
~'64, 


265 , 


266 ,*********************************************************** 
267; 


THE COI1PLt1E 
INTERIIUPT 
ROUTINE 
SHOULD BE COPIE[! 
HERE 


TO SAYE A Fl.lL 
LEYEL OF SUb'ROUTINE 
NESTING. 


IT 
IflS 
Wf1I HEN 
AS A 5UBROUT I NE HE~'E FOR 
THE SAKE OF CLA!I I W 


268 
.;TIRET 


269 
TIRET: 


2;'9 
271 ; 


272 
$EJECT 


Tli'H 
INTERR\JPT 
RETlJRN CODE- 
RESTORES 
HCC YALUE 


I'lOY 
A, ASAVE 
RETR 


inter 


ISIS-II 
P«:S-48Ilf'I-41 
IKRO 
ff5SEllUJ', 
n \l 
PAGE 
8 


RP48 
INTEL 
11CS-48 
KEYBOAl/tI/DISPLAY 
fffUCATION 
I«JTE APPENDIX 


eel€! 2390 
0012 39 


0013 
2357 


0015 
6f 


0016 
A3 


0017 
92 


0018 2337 


00lA 
6f 


00lS 
A9 
001C F1 
991D 39 


OOtE 8821 


0029 9A 


273 
; .***********.***.*********.*.**** •••••*******.*••••••***.*. 
274 
; REFRSH 5IJBROUTINE 
TO I1ULTIPLEX 
SEYEN-SEGllENT 
DISPLii'(S 


275 
; 
EACH CALL CAUSES THE I£XT 
CHARRCTEII TO BE DISPLfi\'E[;, 


276 
; 
ACCORDING TO THE CONTENTS OF THE SEGl'tAf 
IIEGISTEII 
ARRftY 


277 
' 
REFRSH SHOULD BE CALLED AT LEAST EVER,' 
MSEC l)f.' ~.o 


278 ,********••*.***.*******••*.*••*•••**.*.* H*.*'*·~.*·~*.*••••• 
279 
; 


289 
REFRSH: 
!'to'( 


281 
()jTL 


282 
REFR1: 
PM' 


283 
ADD 


284 
IIO't'f' 
285 
L1l1TL 
286 
; 


287 
288 


289 
298 
291 
292 
293 
, 


294 
; •••• *••••••• *•••*•••••• *••*.**•••••••• *••••*••*.*••****•••* 
295 
; 
THE NEXT CHARACTER IS 
NOW BEING 
DISPLA,'ED 
296 
; 
THE KE'r'BOARD SCAN ROUTINE 
15 
INTEGkftTW 
INTO THE DISPLAY 
SCAN 


297 
, 
WITH THE CURRENT ROW ENERGI ZEIi , 
CHECK IF 
THERE fil<E ANY iNPUT S 
298 ,**•••••*.**.*.** ••••*••••••••••••• *.~••*••••••••••••• *•••••• 
299; 


399 
SCAN 
MOV 


391 
IN 


3B2 ; 


393 
••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 


384 
.' II 
THIS 
BlOCK 
(If 
CODE IS 
NOT NEEDED B'( 
THE KEYBOAF'l' SCRN LO:31C 
••• 


395 
.•• 
HOIoIEYEII.. ITS 
INCLUSION 
WOULD SPEED 
THINGS 
UP A E:ll 
6'( 
In 


396 
,.. 
SKIPPING 
O',H 
ROIolS IN IolHICH NO KE'f5 
APE lillWN. 
• •• 


397 
;.. 
IT WAS OMITTED HERE TO CONSERVE ROM SPACE. 
BUT fo1IGHT BE 
In 
3B8 
,.. 
RESTORED 
IF 
YERY LARGE KEYBOARDS (ESPECIALL'r' 
THDSE WITH EIGHT 
••• 


309 
.•• 
KE,'S 
PER 1I010l) ARE TO BE USED WITH THIS 
RLGOl':ITHM 
••• 


31B 
.•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
311 
;.. 
C~'l 
A 
; ANY CLOSlJkES 
[HECTED 
ARE NO:.l ONE 81 TS ••• 


312 
,II 
ffNI.. 
A, .INPMSK 
In 


313 
.;.. 
JNZ 
SCAN1; 
-IF 
A Ki:Y HI THE CIJPRENTL'r' ENABLED ROW IS 
DOWN ••• 


314.... 
NO KEY IS 
NOW DOWN SO THE KEVLOr 
COUNT l'lA',' BE UP[)ATm 
C,IREeTL',' 
••• 
315 
;.. 
IlOV 
A, @PNTRll 
••• 


316 
;.. 
AI)!) 
A, .NCOL5 
••• 
317 ••• 
MOV 
~Nml, 
A 
In 
318 
;.. 
JIlP 
SCAN6 
.n 
319 , •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 


3211 ;.. 
IF 
THIS 
CODE IS 
USED, 
SUBSTITUTE 
THE 'JC 
SCAN5' 
WJR 
LINES 
••• 


321·" 
HENCE WITH ' JNG 
SCANS' 
TO ACC0l100ATE 
THE IN,'ERTEO 
POLftI"ITV 
••• 
322 
.•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 


323 
$EJECT 


A. tBUN< 
XOR SEGPQ 
PSGMNT, A 
; WRITE BlANK FATTEIIU TO SEG CRI','EII5 


ft, ~TB 
• LOCII<'IJf' DIGIT 
ENftBLE PATTERN 


ft, CURDI G 
. fW 
CIJI/Ii I G DISPLACEMENT 


ft., @A 
,ENABlE 
ONE BIT 
L1F AGCUI'lIJlATI)l<: 


f'DIGIT, 
A 
. EI6GIZE 
CHARACTEII 


.1olR1TE NEXT SEGMENT F'ftiTERN 


; LOAD BASE OF REGISTER 
A~'RAY 


,ROO CIJPD I G DI SPLACMENT 


A, .SEGMfiP 


ft.. CIJRDIG 


PHTRloA 


A,@/'NTI<1 
PSGMNT. Ii 


; LOAD ACC WI NEXT SEGI1ENT PATTH'N 


,ENABLE 
APPROPRIATE 
SEGMENTS 


PNTRll, IKEYLOC 


Ii, PINPUT 


. SET POINTER 
FOR SEVERfiL 
KE'r'LOC REFEIIENCES 


; LOAD ANY SWITCH CLOSURES 


ISIS- 
II 
I1CS-48/UPI-41 
MACRO ASSEIl8lER, 
Y2. e 
PAGE 
9 


AP49 
INTEL 
PlCS-48 
KEYBOAR[,/DISPLAY 
APPLICATION 
NOTE APPENDIX 


0021 8004 


9£123 F7 
ge24 AC 


0025 F63F 


0027 A5 


0028 BS 


0029 Fe 


002A 2E 
0028 DE 


002C B829 
002E C634 


324 ; **********************************~.************************ 
325; 
ROTATE 
BITS 
THROl.)rJH THE CY WHILE 
INCJo:EllENTIt¥i 
KEYlOC 


326, *********************************************************** 
327. 


328 
SCAN1. 
I10Y 


329 
NXTLOC 
Jo:LC 


339 
110\1 
m 
.1C 


332 
; 


333 ,*********************************************************** 
334 ; 
335 ; 
336; 


338 , 
339 ; 
348 ; 
341; 
342; 
343 ; 


344 
; 
345; 


346 ; 
347; 


348 ; *********************************************************** 
349 ; 
3se 
351 
352 ; 


353 
; *********************************************************** 


3S4 
; 
ft KEYSTROKE 
WAS DETECTEl) 
FOR THE CURRENT COlUI'IN. 
ITS 


355 
; 
POSITION 
IS 
IN REGISTER 
KEYlOC 
SEE 
IF 
SAf1E rEV 
SENSED 
LAST 
CYCLE 


356 ; *********************************************************** 
357 
; 


358 
359 
360 
361 
362 
363 ; 


364 
$EJECT 


RlJTCNT, lHeOLS 


A 


ROTPAT ..A 


SCANS 


; SAYE SHIFTED 
BIT 
PffTTERN 


; ONE BIT 
IN CY' INr,ICATES 
KEY NOT OOWN 


fiT TH I S PO I NT IT 
HftS JUST 
BEEN DETER/II NED THAT THE YAlLIE 


OF KEYLOC 
IS 
THE POSITION 
OF A KEV WHICH IS 
NOW DOlol!l 


THE FOlLOWING 
CODE IJEBOUNCES 
THE KEY, 
ETC. 


IF 
MODIFICATIONS 
TO THE KEYBOARD LOGIC, 
L E. 
THE INCLUSION 


OF A SHIFT, 
CONTROL.. 
OR W.JllE 
KEY W THE KEY HATRIX 
ITSElF) 


fIRE llES I RED , 
THEY 5HOULD BE Plftl)E AT THIS 
POINT, 
BEFORE 


THE DEBOUNCE LOGIC 
BEGINS 
FOR EXAI1Pl£, 
AT THIS 
POINT 


KEYLOC COULD BE CMARED 
AGAINST 
THE POSITION 
OF THE MODE 


KEY.. ANO IF 
THEY MATCH SET 
SOME FLAG BIT 
ANO .1lIl'IP TO 


LABEL 
'SCANS' 
OR, 
By' COMPARING 
KEYLOC AGAINST 
THE LAST 


KEy' DE6OUNCED, 
IMDIATE 
TWO-KE',' 
ROlLOVER 
COULD BE 


Ii'tPLEI1ENTED. 


; MARK TIflT 
AT LEAST 
ONE KEY WAS DETECTED 


; \ ru THE CURRENT 
SCAN 


A,@PNTRB 


A, LASTKY 


A, LASTKY 


F·NTR0., INREPTS 


SCAN3 


inter 


ISIS-II 
I'lCS-48,1J'1-41 
I1ACROASSEI1BLER. 'f2. 0 
PAGE 
19 


AP4e' 
INTEL /1(;S-48 KE'fBOftR1)/DISPLAV APPLICATION 
NOTE APPENDIX 


0038 
B004 


8032 
043F 


0034 Fe 
803S C63F 
0037 
07 
0038 A0 
0039 
%3F 
0038 
FE 


003C 8822 
003E AI.! 


003F 8821 
0041 ill 
0042 Fe 


0043 
ED23 


36S ; •• **••••• ***••*.****.*.*.***** •.*••****.*******.******.**.*. 
366 
' 
A DIFFEf<ENT KE'f WAS REAf) ON THIS CVClE THAN 011 THE PRE'fIOUS CYCLE. 


367 i 
SET NREPTS TO THE [lEIjOIJjCE PARAI£TER FOR A NEW WJlTOOWN 


368 , •• *****.********.************** ••****.**.*****.*****.*** ••* 
369 ; 
370 
371 


@PNTR0,.DEBNCE 


SCANS 


372 i 


373 
;**.*••******.****.***** •.**•••••• *.***••••*.***••••***••*••* 


374 ; 
SAME KEV WAS [.flECTED 
AS ON PRE'fIOlJS C'fCLE 


375 , 
LOQI( AT IftPTS 
IF ALREAII\' ;:ERO. 00 NOTHING 


376 , 
ELSE DECREI'IENTNREPT5 


377 
; 
IF THIS "'ESiJl TS IN LERO, MOVE LASTK~' !rHO KBDeUF 


378 •••• *••*.*••**.**••****.*****.** ••****•••**.**••*••••• *•••** 
379; 


3B8 SCAN3. 
MOV 
381 
382 
183 
384 
385 
386 
387 
388; 


389 SCANS· 
390 


:>91 
392 
39]. 
394 , 


395 SCAN6. 
396 
; 


391 SEJECT 


A, I!'PNlRe 
SCANS 


A 
@F'NTf/0.A 


SCANS 
A,Lfism' 


PNTRIJ,IVBOBUF 
i~HHRtl..A 


. IF ALREfIDV ZERO 
; INDICATE 
(IN!: ,lIJRE 511CCESI\'E k'fS 
[iI:.TECTIOtI 


Mel',' 
INC 


MOY 


DJNZ 


PNIRi.t.IKEYLOC 
~TRe 
A, ROTPAT 
ROTCtH. NXTLOC 


inter 


ISIS-II 
MCS-48/UP1-41 
/'IACRO ASSEMBLER, 'J2 e 
PAGE 
11 


AP4l! 
INTEL 1ICS-48 
I(E'r'B~[\lDI5PLFtV 
APPLICATION 
OOTE APPEIIDlii 


0047 BFlj8 
0049 S900 


894B 764F 
l!04O BEFF 
B04F A5 


OO~ 8923 
0052 Fl 
0053 C657 
0055 97 
llll56 Al 


0057 
0058 ill 
OO~·9.J~ 
~f)A i).j 


005t: 
er:: 


~5C 
1(' 
005r, 2l~ 


00':"0£ 4(1 


OO'5F 
81;:1 


:m, 


399 
..*************************************.~.~****.**************** 


499 
; 
THE FOlLOIoIIl¥j COOE SEGMENT IS USED B',' THE KE'r'BOARDSCANNING F'OIJTINE 


491 
' 
IT IS EXECUTED ONLY ftfTEJi' A I1EFRESH SEQlJENCE OF ALL 


492 
; 
THE CHAI?ACTH'S III THE DISPLAY IS COMPLETED 


4!,G 
; **************************************** 
i-*",***"'******i-***i-* 


494 
; 


495 
MOil 
486 
MOil 
4137 
JFl 
498 
110~' 


499 SCANS 
Cl.R 
4HJ; 


411 
..******** .•**************************************** 
•.*****H** 


412 
i 
THE NE:\T COOE SEGMENT 15 THE I NTERRl.IPT-DRIlIEN PORTION OF THE 'DELA~" 


413 
; 
IJTILlT'T' 
IT DECREI'1£NTS R.AI'1LOCHTION"RDELA~" 
ONCE FH DI5f1.AY 
SCAN 


414' 
IF 
'RDflA'T''' 
IS NOT AlJ'EAD~' ZERO 


415 ,**********************************************"'j.***'f****"' 
•.•. 


416 
' 
417 


418 
419 
429 
421 


CURDIG, ICHARNO 


@F'NTF~9,IB' 
SCANS 
LASTKY, laFFH 


F1 


'f'NTRll 
STILL 
CONTAINS IKEYLOC 


,JUMP 
IF ANY KEYS WERE r~TECTED 


;C~ANGE (LASTKY) 
WHENNO rEVS ARE DOWN 


PNTRL IRDELfl'r' 
A,@PNTR1 
~ 


A 
~TRLA 


423 
SCAN9' 
RET 
424 
.. 
42~ i*"**H·*****"'****H'.t*·~**.,*·,·*.·.* 
',j.*H' ~.•**·t'H***H*·~"".',,,,,**. 


42'; 
1 


4'<~ . CHRSTli I'., 
ft1£ Bt'i~.£. h~"fit 
~'MfTm'b 
lfj ENH&E ONE-OF-CHARNO CHARACTERS, 


42::; lHI<; it; 
~1}1.; 
d-1J 
H'<j: lJfFH 


4,,:' 
['/:; 
liJI)•.l<ttllJ,jlC: 
t:OI" CHP~\1Li 


4 :~, 
[,j, 
. i)00(IO,11(1/:: 
:~;}~ CHP'PljL) 
~:1 
[,[. 
.%.)l1f:ll':_£ 
:<% i}IRf'OU 


~:':' 
,{. 
130;)~' 1901;)£: :-:oF: CHRPOU 


J?: 
"E' 
,ijlJ[tl'JflflijE; 
XOF' CHRPOU 
4:;'4 
('of: 
{~~I~;){l0€IOOxr.»: CHRPOU 
4,C; 
r'f: 
.:0100ll0000 
XC~' CHRPOU 
4-,1; 
f"E: 
'.11)1)£IOO09E:XORCHRF'(JL> 
4:<~ 


408 fEIECT 


inter 


ISIS- 
II 
W.S-4B/1If'H1 
I1>iC~'~lA~(,Ef'lBLE~, 
'12 0 
PFG 
12 


AP48 
INTEL 
!'ICS-48 
IT"'BOfWr'/f>lSPLR',' 
MPPLICATION 
NOTE APPENDIX 


13l:I6i3 [)') 
00.1 ~£t8 
0'Jt3? 8:322 
i;I!t6'; BOFF 
oo.;~8f.<21 
;W;9 ~te 
0068 2]F(t 
000\ 3Il 
006E C'; 
006F 149E 
OO?! A5 
0872 
23:"-0 
00;'4 62 
(1£115 55 
0(176 25 


OOi'7 148:; 
0(179 8281 


0078 14BA 


9(t{() 
HDB 
90i'F 8477 


4"19 . WIT 


44'3 
INIT 
441 
442 
J4? 
444 
44'; 
H€ 
447 
44>; 


449 


450 
451 
452 
453 
454 


455 ' 
456 , 


457 ;***•• *.H*****U *****H***<***U*************************** 
458 
; 


459 ,ECHO 
460 . 


461 -' 


RB1 


CURCiI&, IC~NO 
F'NTR~I,ltKBl:ofli.lf 


@F"lH:e, 10fFH 


F'NTF:ll, IrEVLOC: 
~NTH~,la 


H, tINPI1'>K 
<'INPUT, A 


ROO 


CLE~ 
F1 
A,ITIn: 
T,A 


T 
lWTI 


CALL 
CLF' 
riO~' 
MaV 


STRI 


EN 


CHECK FOF' AN'r' NEW KE'ISTROKES 
[HECTED 


TRANSLATE EACH KE'I5TI<OKE nno it 5E~T 
PATTE~'N 


HN(' WPlTE 
!T 
INTO THE APPPOPRIATE 
NSPLA'!' 
REGISTEk, 


46~ . 


46] ,U HH"******,t+ ****.'*******.********'.************.'.****.*** 
4€.4 
; 


465 EC~' 
466 
467 
J 


468 , 
469 
470 
471 
472 ; 
473 
FKEY 
.,IMP 


474; 


475 
fEJECT 


CAlL 
V.BDIN 
' Gt 1 NE:~T KE','STROKE 


lB5 
HE'" 
,JI_~ 
IF 
KE'" IN RIliiTtfMJ 
COLlR1N 


SINCE 
THE ACf 
IS 
1JSE1' E:V ENCA('(: AND RENTI"Y, ns CONTENlS 
MUST 


BE pHiCESSIT 
,ji<' SA,'EV f'EF(l/i'E 
ENGAGC IS 
[.fllLED 


CRlL 
WCACC 
,FC~H 
ftPF1~OPRIftTE 
SEGMENl 
PATTERN 


CALL 
wnw 
;WlIITE PATTERN INTO DISF'lit'l 
RE&I5lERS 


JtolP 
ECHO 
,LOOF 
INVEFINITEL',' 


inter 


ISIS-Ii 
flCS-48/UF'l-41 
;'iHC~'O AS,EME:m·· 
v;: (, 
f-'Rr£ 
n 


AP4€I, 
ItJTEL MCS-48 f:EY8I)AP[,/li!SPLti', 
A'lUCATlON 
NOTE APP[/{l!;\ 


tlOS3 8922 


I;I';i85 2380 


0087 21 
13(1:38~'28~ 
<tO~:A';G8E 


t!08C 
Hi 
1)080 8: 


Oi~~:E 


008E 4F 
eO~:F 1;? 
e09'" 
410 
~f~1~12::: 
efd9;: 17 
~t~i9~:1~: 
0094 19 
~';19'524 
(;096 
14 


0€197 15 


000198 
16 
~)~J~92'~ 


';1(19A 
11 


<1(i9E: L 


1;I(ige B 


10109[1 <l 


476 ,H'''''' 
j,'"·'l<*'IH''' ".••• **U*H .•**.•***.•***.•.•******.* •• ********** 
F~ 
P? 
T4E ~OLLOW!rlG SUBROUTINES IMPWIENT 
THE UTILITIES 
COI1I1ONl't' USED FOR 


47Q 
MOST IHBOP.I'WDI5F'LAY 
APF'llCATlQNS 


48e 
: 
,HE'.' CfilJL[i BE USEr) E!',PCTL~' AS SIOlN 
HERE OR ADAPTED FOR SPECIAL 
CASES 


481 : 
4~2 ,H*U 
t*'l<•.•••.•••.••.••.•.••.•.• H****.*********.** 
•• ***.*.******** 


481 
: 


484; 
VEt'IN 
48'5 ; 
486 
; 


487 , 


48::: 
J89 . 


49fl 
rEf,IN 


4:·1 
4<';- 


4':(: 


494 


fH80Ff'[l 
INPUT Sl.IBF'I.~JTINE 
c(~.iU'E:E um· TI) INTEI"FACE THE IJSER'S 
BACKGROUNf,PROGRAt1 WllH 


THE INTE~'I"UPT [l":JVEN "EYBOARl' SCANNER. 
I''ETlJF:N,: ufIL',' AFTER A NEW f:1','STROKE HkS BEEN DETECTED ANI) DEBOUNCED 


EN(,)L,E(i ','ALLIE OF r.H' 
("ATHER THAN ITS POSITlill 
IN SWITCH MATRIX) IS 


FETU?NElJ 
IN THE ACCUt,\ULRlGf! 
11:)\1 
PNTI"LII:B£oflUF 


t1'Y.' 
fl. .8f1~ 


>:CH 
~, '~F'NTPl 


.IE::' 
K8DIN 


fiD[, 
11"ILEGNDS 
r'l0VP 
H, I~A 


;iET 


;KBD~JF 
WILL BE MARKEDAS CLEAR 


,LOAC BUFFH: VAlUE 


: ADD BASE OF KEY ENCODING TABLE 
; 08TAIN 
B'r'iE i<EPRESENTlNG KEY SIGNIFI(;ANC[ 


496 
497 
. 


4?,: 
499 
LEGN[iS IS THE BRSE FOP TABLE SHOWING fEr' MATlm: SIGNIFICANCE 


5fif! . 
1'01" THE KE~'l:~OAF'DUSE[' IN THE PI"OTOWPE. 


501 
I'H' LA','OIJT ISA:, 
SHUWNTO THE PI GHT. 


'ji:(; 
NOTE THAT E:ITt-8IT4 
t1A~' BE USED TO ENCODE KEY TYPE. 
IN THIS CASE 


5';14 
BI14 
HlDIUHES 
REGULAR DECIMAL DIGITS, 


::;)5 
i::!T5 
:N[ijCAiES 
RIGHT-COLUMN FLiI'lCTlOfl KE'r'S, 


:~ftt: 
81 T6 iN['lCATES 
PUNCTIJATIOIi MAIiKS ( * AND I 
) 


:':;18 LHiNC':· 
;:flU 


509 
['B 


51(1 
ci8 


:;11 
l'8 
':,12 
(,8 
':iB 
[IE< 


514 
[,B 


'515, 
L'E; 


516 
['E; 
51? 
DB 


518 
DB 


51~ 
[Il:: 


520 
(oS 
5a 
[,E 


5~2 
[.JE: 
52: 
(:IE: 
:,24 
[JE: 
:i25 fEJECT 


($ AN[) i3FFH" 
" USE LOW OR[J£R BITS 
AS TABLE INDEX 


4FH 


10'1 
4EH 
28H 
P['!GIT4==} 
1 
2 
3 
(1) 


17'1 


V 
'r' 
Y 
Y 


F'INF'IJT7 PINPUT6 
PINPIJI5 
PINPUT4 


inter 


ISIS-II 
rK5-48/uP1-41 
ffHCFO i1SSEMBLER, V2.1i1 
PAGE 
14 


AP4B 
INTEL MCS-43 
KE','SOftl;:[i/(iISPLAY 
APPLICATION 
NOTE APPENvIX 


'J09E D3e 
0011+) 8938 
el.lA2 l:'H;l8 


00A4 A1 
0[lfl5 1~ 
BllA6 EFA4 


BOOS BF08 
13f1flA83 


OOftB F8 
OOflC A3 
BaA() C6B4 


OOAF 1400 


00&1 18 
BBB2 1i.14AB 


BflE:4 83 


(lI.JB5 


BOB5 1E 


tlBB6 
5C 


(IlJB7 74 


(leB8 54 
0089 00 


528 
; CLEi1P 


~~29 
53(1 ; .ILL 


5:<1 CLEAI" 
532 
FILL 


H~'ITES 
't:LANY" 
CHAF.:ACTERS INTO ALL DISPLAY REGI5T~S. 


PETuRNS ~l1TH NEXTPL SET TO LEFTMOST CHARACTER POSITION 
WRiTES Sr::GflENT PATTEF.'N NOl>IIN ACC INTO ALL e'ISPLiW 
REGISTERS 


fl0\1 
A, .8LmlK 
:';011 SEGPOL 
MOV 
PNTR1,.SEGMRp·1 


~V 
NEXTPL,.C~APNO 
flGV 
@PIITRl ' fl 


I'lC 
PNTP1 


(I.)"lZ 
NEXTPL, CL!"l 


MOV 
NEXTPL, .CHARNO 
RET 


,STORE 
THE BLANK CODE 


. PO INT ro NEXT CHARACTER TO THE LEFT 


~,38 


539 
; 


540 
; .*.H**** .•*·+'************************************************ 


541 ' 
542 
; PFINT 


543 ' 
544 
; 


545; 


546 
' 
547; 
548; 
549 
PF.'INT: 


55e 
551 


552 
553, 
.11 


554 
555 
556 
PRNT1 


SuaRO'JTINE 
TO COf'~' H STRIIlG 
OF BIT 
PATTEI1NS FR()1 11011TO THE 
DISPLAY REGISmS 
STRING STARTS AT LOCATI~ 
f'OINTED 
TO BY PNTR&. 


CONTINUES UNTIL AN ESCAPE CODE 03FFH) 
IS REACH£!). 


NOTE THAT THE CHARACTER STRING PUT OUT MUST BE LOCATED OIl THE SAI'E 
F'RGE AS THI S SIJBROUTl "IE., 
S I NeE SAME-PAGE MOVES AF.'E USED 


PRINT 
IN TURN CALLS EITHER 
SUE:R(ltiTINE'WDISP' 
OR 'RENTRY' 


TO ACTuALL',' EFFECT j,jRITING 
INTO THE DISPLfi'r' 
REGISTERS. 


MO',' 
A, PNTRB 
; LORD NEXT CHARACTER LOCATION 


HOYP 
fI, @A 
; LOAD BIT PATTERN lNOIRECT 
)Z 
PRIlTl 
,ESCAPE 
PATTERN 


CftLL 
WDISP· 
OUTPUT TO NEXT CHff/.ACTER POS!TION 
(CALL 
RENTI1Y 
INSTEAD IF 
MESSAGE IS TO BE RIGHT JUSTIFIED) 


INC 
PNTP€,; 
INDEX POINTER 
JMF' 
PRINT 
PET 


558 ;***""*"'********* .•****************************************'1<* 
559 ; 


:-:,'3 
; JOHN 


561' 
562 
JOHN 


563 
564 


565 
56€· 
567 
:068 ' 


56~ fEJECT 


ARRA~' HOLe,S THE BIT PATTEFN5 FOR THE LETTERS 
'JlHl' 
(SEE 
'TE5T2') 


(NOTE THAT 'OHN' 
IS WFITTEN IN LOWER CA5E LETTERS) 


EOli 
$ ANC' 0FFH 
[iB 
aetll1110B 
XCiR SEGPOL 
[lB 
(11011180B 
ImF.' SEGPOL 


~B 
01110190B 
XOR SEGPOL 
(·s 
[i1tl10HltlB 
XOR 5EGPOL 
[JB 
0'3 


inter 


ISIS-II 
f1(S-48/t1f'1-41 
11AC~'O ASSEM~,tH·. 
V2. e 
PAGE 
15 


Af'40 
INTEL 
I'lCS-48 
KEYBOAPIVDISPLAY 
APPLICATION 
NOTE APPENDI:< 


~laBA 530F 


OO6C il3Ce 


OOBE A3 


OOBF 83 


e0(l.' 
eoce 3F 
eeCl 96 
e0C2 58 
0>JC3 4F 
00(:4 66 


OOC5 60 
OOC6 70 
001:7 07 
00(;8 
71' 
i1.tC961' 


80CA 77 


00C6 
7C 


OOCC 39 
ooer. 5E 


(leCE 
79 
0!JCF 71 


OODil A9 


OOC'l FF 
OO02e:m 
0004 29 
0005 A1 


00D6 
EFDA 
0illi8 
BF8B 
oo/')A 83 


579 .;.****.**.*****~********************.*******.•**.~***••******* 
'571 ; 
572; ENUH 
E~lCODES LSNIB6tE 
OF Ace 
INTO HEX 81T 
"AlTERN 
INTO ACt 


573 
ENeACC 
ANt. 
A. IENeIlSi': 


574 
ADll 
A, .OOPHTS 
575 
MOW 
A,@H 


576 
~fT 


577 
. C'GPATS IS 
THE BASE FOR THE TAfU 
OF SEGI1ENT f'ATTEli:NS FOR THE BASIC 
~.?8;[·IGIT;. 
HERE THE FULL HEX SET OH) 
15 
IP{LLlDED 


579 
; FOr< /lAm 
i);;ER f'PPLI CATI OIlS., 
T~ 
CHARAcn:~ 
SET MAY BE AMENDED OR AOGI'IENTED 


5&0 
. TO !NCU.l['E 
AWITIOtlAL 
SPEClflL 
PURPOSE 
PATTEPNS, 


':i81 
; FORHAT IS 
P(jFEDCBA 
IN STANDfIF~D SEVEN-SEGI'1ENT 
ENCODIrlG CiJNVENTION 


'582 
; 
WHERE P REPRESENTS 
THE DECIMAL POINT 
583 
[)(lPATS 
EOI,l 


584 
DB 
585 
DB 


586 
DB 


587 
[$ 
588 
(;B 


589 
DB 


590 
[iB 


591 
riB 


592 
C'B 


593 
(iB 


594 
r'B 


595 
llB 


596 
DB 


597 
C'B 
598 
riB 


599 
C'B 


600; 


s A~ID twFH 


!lel11111B 
:<01( 
SEPOL 
ooeool1eB 
;(OR SEGPOL 


WlU0116 
'<OR SEUPOL 


eHIC11:111B 
:<OR SEGPOL 
01!00110E: 
XOP SEGPOL 


1}11131101B 
XOR ;.£GPOl 


0111111316 
XCiii: SEGPOL 


0e0~10111B 
;;OR SEGf'OL 


01111111B 
XOli' SEGPOL 
'.I1100111B 
XOR SEGPOL 
e111~111B 
;I,/JR SEGPOL 


ell11100B 
XOR 5EGPOL 
Cilll110e1B 
XOR ~.EGPOl 


i3101l1100 
:~OR SEGPOL 


13111191318 
,:OR SEGPOL 


tl1110001B 
,:OR SEGPOl 


6131 
.i .*****H ~·t'•••• ~***.************.*.*.*.***** ••****.********. 
6~2 ; 
~Jn;I~DI5P 
604 . 
605; 
606 W(liSP 


6117' 


6118 
609 


6111 
611 
612 
613 
WC,ISP1 


t:t4 : 


615 $EJECT 


WRITES 
BIT 
PATTERN NOW IN ACC INTO NEXT CHARACTE•. POSITION 


Cf 
THE NSPLAY 
(NE:'TPU 
A{)JI.lSTS NEiiTPL 
POINTEii' 
VALUE 


•.ESLIUS 
IN [)ISPLAY 
BEING 
FILLEr' 
LEFT 
TO RIGHT, 
THEN RE:;TARTINU 


/'101,' 
PNTR1 ..A 


/'101/ 
A, NEXTPL 


AW 
A, lSEGMAP 


XCH 
A, PNTRl 


mv 
~PNW1.A 


CI.HI2 
NEXTPL WDI SP1 


HOII 
NEXTPL ICHARNO 


RET 


iSIS-II 
t4C5-4S;IJF]-41 
MA:::~~I RssEHBLE~:, 
Y2.(1 
PArJE 
16 


AP4fJ 
II/TEL 
I1CS-43 
I,EYBOAfID/OIsPLfi'" 
Af'PLICATION 
N(lTE APFENDI~ 


OODB B938 
000[) BF(18 


<lODF 21 


0BE0 19 


00E1 
EFDF 


OOC BF0B 


€leES 83 


M6 
23'31 


00E8 €G17 


a<lEA 
fl9 
'JeEB 1'1 
flBEC C:;8~ 


tlllEE 
fl1 
ttlJEF 81 


Et0F13 [i5 
0fJF1 FE 


OOF2 C5 
ttUF3 37 
tt>JF4 96F0 
"eF6 83 


OOF7 B923 


0eF9 
fl1 


00FA 
F1 


OOFB 96Ffl 


OOFD 83 


616 ,***********'*****'.**** .•*.*********'.********.•.***************** 
617 


618 
. f'.HlH"r' 
5UB~:QIJTWE 
TO ENTER Ace 
CONTENTS 
INTO THE RWHTl10sT 
DIGIT 


619 
. 
I1NC',HIFT 
Ey'ERYTHING 
ELSE 
ONE PLflCE 
TO THE LEFT 


620 
I'ENW~' 
~1O,," 
P'HRL 
'SEIJMAP+1 


621 
110"" 
IIr"TPL, 
ICHARNO 


622 RENH'l 
:<CH 
fI, @p,nR1 
62:; 
IN': 
FflH'1 


624 
DJNZ 
NEXTPL, RENTR1 


625 
MOI/ 
NE>:TFL ICHAI<:NO 
,FOINT 
TO LEFTMOST 
CHARACTER 


626 
RET 


628 
;***U**·'·H*h. ,,,.***U.•*****H*.******'H**'.***,************** 
€·2? 
. 
63" ;P[it'AW 
TOGGLE liEC!I'1flL 
POINT 
IN LAST CHARACTER DISPLAY 
CHARACTER 
fil 
,[,PA{>l> 
TCNJGLE5 fFIMAL 
"'OINT 
III THE CHARACTER POINTED 
TO BY THE ACC 


6:'2, 
6n 
PDf'ADD. 
1'10'( 


634 DPA[l[' 
AEiD 


635 
MOY 


636 
110',' 
637 
::r;t 
E38 
MOil 


639 
FE" 


64'3 , 


641 . '*Ho••**.•*********************.*************************** 
6,42 . 


64], 
HOlE> 
644 
; 


645 
HOLD' 


646 
647 
648 


649 


6'50 
651 ' 


652 
; .•******.********* •.•.••**.*.************************.****.*** 


653' 


654 
.' DELAY 
655' 
656 
fRAY' 


657 


658 
f'ELAY1. 
659 


60150 


661 fEJECT 


A,1131H 
A,NIJMAP 


PHTRL 
"t 
il.,:~NTPl 
. 


~ .• S0H 


~PHTRL 
A 


• SET 
INDEI. 
TO RIGHTMOST POSITION. 


'ACCESS 
DIsPLA',' 
REGISTER 
FOR DESIRED 
PLACE 


SUBROlJTlNE 
CALLED WHEH KEY IS 
KNOWN TO BE DOWN. 


WILL 
NOT RETURN UNTl L KEy' I S RELEASED 
:.£L 
RB1 


110',' 
R, LAsTK'r' 


sEL 
[<Bll 


CPL 
A 


JNZ 
HOLD 


RET 


5UBROlJTI NE HANGS UP FOR THE NUMBER OF COMPlETE 
DISPLAY 
SCANS EQIJAL 


10 
THE CONTENTS OF THE ACCUMlILATOFI WHE'l CALLED 


MOV 
PNT~:1, IP[RAy' 
110',' 
@PNTRLR 


110',' 
ft ..~PNW1 


,TNZ 
CoELA~'1 


RET 


iSIS- 
II 
1(;5-48 'tIF'I -41 
~lflC~O ;'SSEMBlH· 
V2 lJ 
PAGE 
17 


AP40 
INTEL 11(:5-41': .nB(if!I"['!VISPLA~· 
APPLICflTION 
NOlE APPHl(,IX 


iJ100 
1212 
8102 ~28E 
~)l04 528A 


01El6 14H 
l:t1Elt: 8477 


aUlA 
:>42E 


B10C &477 


01tIE 3424 


0119 
9477 


fJ112 
3416 


0114 
9477 


9116 
Bf98 


9118 
BB08 


011fl 
FF 


911B 
14Elfl 


011D 
14D9 


011F 
ES1A 


9121 
BFa8 


0123 
83 


(£.4 
.~t~~~*~*~~ 
.•;.~****~***.*********.****"'.********************* 


665 
; 


6£.t: ; TIi!: COO£ ON THIS 
POOE IS 
FOP [lEMOlSTf?ATION PUI/POSES ONlY- 
6£·7 . I T~'1JELY [)OU8T .,HETHU 
AI/',' ENl) IJSE~S HOllU) LIKE 
TO SEE A NAtlE 


668 
; POPPIIII} UF' ON TYEI'" 
CAlCi.'LFtTO~ SC~'EENS 


;;;;3 
; f{IWEliER 
TliE UJC'E SI1Ol4N HH'1:. DOES INr.-JeATE HOWTHE iJTlLlT\l 
SUBROUTINES 


;78 
; wcu.~JE[· 
'HE 
('('f.ILfJ E:E f!CCEsSEV 


671 
. THf ~'OIJTItIES T'iEI1S£LI!ES 
ftf''E CALLED WHEN ONE OF THE FOUR BUTTONS 
6;'2 
. (~l THE ~lGliT -HANV SWE 
OF THE F'I"OlOT\lPE KEYBOAFC' IS 
PRESSEL<. 


67: . 


(.74 
. t.HU*~Ht*U*~***'**H**~**********t*****+******.******** 


675 . 
P6 
. ~UNCTN PoUTINE 
TO IMPLEMENT ONE or 
r01.1R DEMIJ UTILITIES, 
flCCORDING 
6r; . 
TO ~ICH 
fjf THE FOljl;' FI.I~[TION 
KE't'S WAS PI1ESSED 


678 
FUNWIIB0 
Ff.lNCTl 
67~ 
,1Bl 
HINCT2 


68tt 
I£:2 
F1.lNCn 


681 
682 
FUtlCT4. 


683 
684 
. 


685 FUllcn 


6E'6 
687 
; 


688 
FUNCT2. 


68~ 
690 
; 


691 
mlCT1 
692 
693 ; 


694 .;**~***•••*************************•.~****.****~******.****** 
695. 


69£· ; TEsT1 


697 
TESTt 
698 
699 T5H1 
7&9 


791 
702 
793 
704 
785 . 


706 
$EJECT 


CPLL 
RDPADD 


IMP 
ECHO 


Cf1lL 
TEsn 
JIlP 
ECHO 


CALL 
1EST2 
JI1F' 
ECHO 


CALL 
TESTt 


JIf' 
ECHO 


CODE ~'[GMEPH TO FILL 
DISPL~' 
REGIS1E~:S 
WITH DIliJTS 
DOWNTO '1' 


1'1011 
NEXTPL, .CHARrll, 


110,' 
PNTRe .• CHARNCI 
; SET FOR EIGHT LOOP REPETIl 
IONS 


I'l1)Y 
R, NEXTPL 


CAll 
ENCACC 


CALL 
WfiISF 


[J,TN2 
PNlR'.l, TST11 
; COf'I' NEXT IlIGlT 
INTO DISPLAY 
REGISTERS 


MOV 
NEXTPL, .CHARNCI 
IIET 


inter 
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AP40 
INTEL W:5-48 
KE\'BOARD/DISPLA'i 
APPLICATION 
NOTE APPENDIX 


0124 
B13BS 
0126 
14AB 
0128 2364 
01211 14F7 
012C (149E 


7i.17 
; *********************************************************** 


708· 
709 
'TEST2 
710 
; 


711 TEsT2 
712 
713 


;'14 
m 


WRITES THE SEG!'IENT PATTERN FOR 'JOHN' 
ONTO THE DISPLAY., 


WAITS FOR II WHI LE, 
IfID 
THEN CLEARS THE DI SPLAY 


HOI,' 
PNTRe, .JOHN 
CALL 
PF'INT 
MOV 
fl. *100 
,SCAN [)JSPLAV FOR 100 CYCLES 
CAlL 
rJElfl\l 


JMP 
CLEAP 


012E 2340 
0130 
HA0 
01:2 
14Fe 
0134 
049E 


('16 ; 


717 
;********* ••******.*********,******************************** 
718 
, 


719; 
TESE 
72& ; 


721 
' 


i'22 
TEsE 


9JBROJJTINE TO FILL 
DISPLfiY 
WITH DASHES 
JI.'l'1F'S I NTa SIJBROUTINE 'CLEAR' 
liS SOON ~, 
THE I(E\' IS PELEHSED. 


r'~)I! 
ft, .019000008 
XOR SEGPOL ; PATTERN FOR' -' 


CALL 
FILL 
CAlL 
HOW 
1MI' 
CLEAR 


726 
; 


727 , •• *********,*********************************.************** 
,28 ; 


<'29 END 


lISH' 
S\'PIBOLS 
ASftl/E 
0(102 
BLANt: 
eeee 
CHARNOatl0S 
CHRPOL ~ 
CHRSIB 0057 
CLEAR 
e09E 
CLRl 
00A4 
CUROIG ll8e7 
['EBNCE 0e04 
DELAY 
tttF7 
DELAY1 00FR 
DGPATS eoce 
DPAOD 09E8 
ECHO 
9977 
ENeACe OOBA 
ENCHSK 999f 
FILL 
00A0 
FKE\' 
0081 
FIJllCTi 
0112 
FUN02 
a19E 
FIJlCn 
910ft 
FUNCT4 0196 
FUNC1N 9100 
HOLD 
OOF0 
INIl 
0069 
!NPHSK 0eF& 
JOHN 
0085 
VBDBUF 0022 
KBDIN 
9083 
KEYLOC 9921 
LASTKY eee6 
LEGN)S 808E 
NCOLS 
0004 
NEGLOG 0&FF 
NEXTPL 0007 
NPEPTS 0ll2i't 
NPOWS 0004 
NXTLOC 0023 
PDIGIT 
9819 
PllI'UT 
llOO9 
PNTR0 
00013 
PNTRl 
0001 
POSLOG aaoo 
P~'INT 
0tlAB 
f'PNT1 
00B4 
PSGMNT 0088 
RDELAY (1923 
RDPAOO9llE6 
PEFF'l 
ft01: 
PEF"s~ 
8019 
!"ENTRl OODF 
RENTPY OOllB 
ROTCNT 0005 
ROTPAT 00B4 
SCRN 
891E 
SCRN1 
8921 
SCAN? 
00]4 
SCft~15 003F 
SCAN6 
0045 
SCANS 
004F 
SCAN9 
0057 
SEGMAParm 
SEGPOL eeee 
TEST1 
9116 
TEST2 
0124 
TEST3 
012E 
TICK 
FFF0 
TIINT 
0097 
TIRET 
eeeE 
TST11 
aHA 
WDISP ~ 
WI) I SPl 
890A 


A5SEI'1EiL\' COI1PLfTE, 
NO EPROR5 


0_-_- 
__ . ___ ..___ 
- . 
--- 
- - - 


ASAI/E 
282. 
249 
269 


BlANK 
179. 
288 
5~1 


C.HARNO 173. 
228 
485 
441 
533 
537 
612 
621 
625 
697 
698 
783 


C.HRPOl 
169. 
429 
430 
431 
432 
433 
434 
435 
436 


CHRSTB 
282 
428. 


CLEAII 
449 
5311 
715 
725 


ClFl 
534. 
536 


CIJI/DIG 
2861 
283 
289 
395 
485 
441 


DEEKE 
1781 
17'" 


DELAY 
6561 
714 
LoElA't'l 
658. 
659 


[/GfftTS 
574 
5831 
[)PAt'!:· 
634. 
Wil) 
465t 
471 
683 
686 
689 
692 
ENCACC 469 
573J 
700 


ENCI'1SK 18$t 
573 


FILL 
5321 
723 
FKEY 
466 
4731 


FLINCH 
678 
6911 


F'JNCT2 
679 
6S8t 


FUNCT3 
680 
685. 


FLINCH 
682. 
FIJNCTN 473 
678t 


HaLf' 
645' 
649 
724 


INIT 
236 
4481 


INPHSK 
1711 
446 
JOHN 
5621 
711 


KBllBLf 
2141 
386 
442 
490 


KBDIN 
465 
4981 
493 


KEYLOC 2131 
300 
389 
444 


lASTKY 
205. 
359 
360 
385 
488 
646 


lEGNf'S 
494 
508. 


NCOlS 
175. 
328 


NEGLOG 1671 
NEXTPL 
193. 
533 
536 
537 
607 
611 
612 
621 
624 
625 
697 
699 
783 
NrEPTS 
212t 
361 


NROWS 
1741 
NXTlOC 
329t 
392 
PNGIT 
158. 
285 


PINPUT 
1601 
301 
447 


PNTR8 
1911 
300 
358 
361 
378 
388 
383 
386 
387 
389 
390 
486 
442 
443 
444 
445 


549 
554 
698 
782 
711 


PNTRl 
1921 
290 
291 
417 
418 
421 
490 
492 
532 
534 
535 
686 
689 
618 
628 
622 


623 
635 
636 
638 
656 
657 
658 


POSlOG 
166. 
169 
178 


PRINT 
5491 
555 
712 


P~'NT1 
551 
556. 


PSGHNT 
159. 
281 
292 


I"DELA',' 216. 
417 
656 


RfJPAW 
633. 
682 


REFRl 
2B~' 


~:EFRSH 
260 
2801 


Ronlll 
622t 
624 


~'ENTRY 479 
6201 
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ROTCNT 
2tl4. 
328 
392 


ROTPAT 
2e3. 
~39 
391 


SCHN 
3~' 
SCAN1 
328. 
SCAN3 
31'..2 
3se. 
;;{;RN5 
331 
371 
381 
384 
3891 


S.(AN6 
395. 


SCANS 
407 
409. 
SCftN? 
395 
419 
423. 


SEIJI1AF' 2281 
~'8e 
532 
6e8 
E-2e 
634 


SEGf,(il 
1701 
28lJ 
531 
563 
564 
565 
566 
584 
58S 
5S6 
587 
588 
589 
5911 
591 
~92 


593 
594 
59'5 
5% 
597 
59B 
599 
722 


TEST1 
691 
697. 
TE512 
688 
7111 
TESE 
68'5 
7221 
TICK 
1771 
250 
4'51 


milT 
248' 
TlRET 
269. 
TSH1 
6991 
792 


\l[llSP 
C"I:"', 
6'36' 
,f11 
J.•I~ 
Wl',ISP1 
611 
15m 


CROSS REFERENCE emu 
TE 


inter 
APPLICATION 
NOTE 


The Intel"' MCS·48 family of microcomputers 
marked 


the first 
time an eight 
bit computer with 
program 


storage, data storage, and I/O facilities was available on 
a single 
LSI chip. The performance 
of 
the 
initial 


processors in the family (the 8748 and the 8048) has 
beenshown to meet or exceed the requirements of most 
current applications of microcomputers. A new member 
of the family, however, has been recently introduced 
which promises to aliow the use of the single chip 
microcomputer in many application areas which have 
previously 
required 
a 
multichip 
solution. 
The 
In· 


tel"' 8049 virtually doubles processing power available 
to the systems designer. Program storage has been in- 
creased from 1K bytes to 2K bytes, data storage has 
been increased from 64 bytes to 128bytes, and process· 
ing speed has been increased by over 80%. (The 2.5 
microsecond instruction cycle of the first members of 
the family has been reduced to 1.36 microseconds.) 


It is obvious that this increase in performance is going 
to result in far more ambitious programs being written 
for execution In a single chip microcomputer. This ar· 
ticle will show how several program modules can be 
designed using the 8049. These modules were chosen 
to illustrate the capability of the 8049 in frequently en· 
countered design situations. The modules included are 
fuli duplex serial 110, binary muitiply and divide routines, 
binary to BCD conversions, and BCD to binary conver· 
sion. It should be noted that since the 8049 is totally 
software 
compatible 
with the 8748 and 8048 these 


routines will 
also be useful directly 
on these proc- 
essors. In addition the algorithms for these programs 
are expressed in a program design language format 
which should aliow them to be easily understood and 
extended to suit individual applications with minimal 
problems. 


FULL DUPLEX SERIAL 
COMMUNICATIONS 


Serial communications have always been an important 
facet in the application of microprocessors. Although 
this has been partially due to the necessity of con· 
necting a terminal to the microprocessor based system 
for program generation and debug, the main impetus 
has been the simple fact that a large share of micro- 
processors find their way into end products (such as in· 
teliigent terminals) which themselves depend on serial 
communication. When it Is necessary to add a serial link 
to a microprocessor such as the Intel"' MCS-85or 86 the 
solution is easy; the Intel"' 8251A USARTor 8273SOLC 
chip can easily be added to provide the necessary pro· 
tocol. When it is necessary to do the same thing to a 
single 
chip 
microcomputer, 
however, the 
situation 


becomes more difficult. 


Some microcomputers, such as the Intel 8048and 8049 
have a complete bus interface buiit into them which 
allows the simple connection of a USART to the proc· 
essor chip. Most other single chip microcomputers, 
although lacking such a bus, can be connected to a 
USART with various artificial 
hardware and software 


constructs. 
The difficulty 
with 
using 
these 
chips, 


however, is more economic than technical; these same 
peripheral chips which are such a bargain when coupled 
to a microprocessor such as the MCS-85or 86, have a 
significant cost impact on a single chip microcomputer 
based system. The high speed of the 8049, however, 
makes it feasible to implement a serial link under 50ft· 
ware control with no hardware requirements beyond two 
of the 110 pins already resident on the microcomputer. 


There are many techniques for implementing serial 110 
under software control. The application note "Applica· 
tion 
Techniques for the MCS·48 Family" 
describes 


several aiternatives suitable for half duplex operation. 
Fuli duplex operation is more difficult, however, since it 
requires the receive and transmit processes to operate 
concurrently. This difficulty is made more severe if it is 
necessary for some other process to also operate while 
serial communication is occurring. Scanning a keyboard 
and display, for example, Is a common operation of 
single chip microcomputer based system which might 
have to occur concurrently with the serial receiveltrans- 
mit process. The next section will describe an algorithm 
which implements full duplex serial communication to 
occur concurrently with other tasks. The design goal 
was to aliow 2400 baud, full duplex, serial communica- 
tion while utilizing no more than 50% of the available 
processing power of the high speed 8049 microcom· 
puter. 


The format used for most asynchronous communication 
is shown in Figure 1. It consists of eight data bits with a 
leading 'START' bit and one or more trailing 'STOP' bits. 
The START bit is used to establish synchronization be- 
tween the receiver and transmitter. The STOP bits en· 
sure that the receiver will be ready to synchronize itself 
when the next start bit occurs. Two stop bits are nor· 
mally used for 110 baud communication and one stop 
bit for higher rates. 


START 
STOP 


BIT 
01 
D2 
03 
~ 
05 
06 
07 
08 
BIT 
LJ~~~~ 


The algorithm used for reception of the serial data is 
shown in Figure 2. It uses the on board timer of the 8049 
to establish a sampling period of four times the desired 
baud rates. For 2400baud operation a crystal frequency 
of 9.216MHzwas chosen after the following calculation: 


f = 480N(2400X4) 
where 480 
is the factor by which the crystal fre- 
quency is divided within the processor 
to get the basic interrupt rate 


2400 
is the desired baud rate 


4 
is the required number of samples per 
bit time 
N 
is the value loaded into the MCS·48 
timer when it overflows 


inter 


The value N was chosen to be two (resulting in f = 9.216 
MHz) so that the operating frequency of the 8049 could 
be as high as possible without exceeding the maximum 
frequency specification of the 8049 (11 MHz). 


; 1 IF REC£IYE F~ 
Tl£N 


; 2 
IF SBlIfl. 
1tf'UT=SPIn 
Tl£N 


;3 
REC£IYE ~:=1 


;3 
BVTEF1NISIED ~:=8 


; 2 
Ell) IF 


; 1 ElSE 
SINC£ REC£IYEFlfG-.""1Tl£N 


;2 
IF S'II«: ~ 
Tl£N 


; 3 
IF SBlIfl. 
1tf'UT=SPfa 
Tl£N 


;4 
S'II«: FLHJ:=1 


;4 
DATA:=SllH 


; 4 
SIff'l.E 
CHTR:=4 


; 3 
ElSE 
SINC£ SERIfl. 1tf'UT=IHn( n£N 


;4 
REC£IYE Fl~:=8 


;3 
EIflIF 


; 2 
ElSE 
SINC£ S'II«: Fl~1 
Tl£N 


; 3 
SIIf'lE 
CWITER:=SIIf'lE 
CtUfrER-1 


; 3 
IF SIIf'lE 
CtUfrER=8 no 


; 4 
SIIf'lE 
CWlTER: =4 


; 4 
IF BVTEF1NISI£D FlR:i=8 Tl£N 


; 5 
CfI1RY:=SBllfl. 
1tf'UT 


; 5 
SHIFT DATARIOO WITIICfI1RY 


; 5 
IF CfI1RY=1Tl£N 


; 6 
()(I)ATA:=DATA 


; 6 
IF DATARE~ 
~ 
TI£N 


; 7 
BYTEFINISI£D Fl~1 


.6 
ElSE 


;7 
BVTEFINISI£D ~:=1 


; 7 
0YERR\.tj~: 
=1 


; 6 
Ell)IF 


; 5 
Ell)IF 


.4 
ElSE 
SINC£ BVTEF1NISIED Fl~1 
Tl£N 


; 5 
IF SBlIfl. 
1tf'UT=IHn( Tl£N 


.6 
DATARE~ 
~:=1 


; 5 
ElSE 
SINC£ SBlIfl. 
1tf'UT=SPfa 
TI£N 


; 6 
ERRfJl flAG: =1 


; 5 
Ell)IF 


; 5 
RECEIVEFLAG=8 


; 5 
S'II«: FLAG:=8 


; 4 
EIflIF 


; 3 
EIflIF 


;2 
EIflIF 


; 1 EIflIF 


The timer interrupt service routine always loads the 
timer with a constant value. In effect the timer is used to 
generate an independent time base of four times the re- 
quired baud rate. This time base is free running and is 
never modified by either the receive or transmit pro- 
grams, thus allowing both of them to use the same 
timer. Routines which do other time dependent tasks 
(such as scanning keyboards)can also be called periodi· 
cally at some fixed multiple of this basic time unit. 
The algorithm shown in Figure 2 uses this basic clock 
plus a handful of flags to process the serial input data. 


Once the meaning of these flags are understood the 
operation of the algorithm should be clear. The Receive 
Flag 
is set whenever the program is in the process of 


receiving a character. The Synch 
Flag 
is set when the 


center of the start bit has been checked and found to be 
a SPACE(if a MARK is detected at this point the receiver 
process has been triggered by a noise pulse so the pro· 
gram clears the Receive 
Flag 
and returns to the idle 


state). When the program detects synchronization 
it 


loads the variable DATA 
with 80H and starts sampling 


the serial line every four counts. As the data is received 
it is right shifted into variable DATA; 
after eight bits 


have been received the initial one set into DATA 
will 


result in a carry out and the program knows that it has 
received all eight bits. At this point it will transfer all 
eight bits to the variable OKDATA 
and set the Byte 


Finished 
Flag so that on the next sample it will test for a 


valid stop bit instead of shifting in data. If this test is 
successful the Data Ready 
Flag 
will be set to indicate 


that the data is available to the main process. If the test 
is unsuccessful the Error 
Flag will be set. 


The transmit algorithm is shown in Figure 3. It is exe· 
cuted immediately following the receive process. It is a 
simple program which divides the free running clock 
down and transmits a bit every fourth clock. The variable 
TICK COUNTER 
is used to do the division. The Transmit· 


tlng 
Flag 
indicates when a character transmission is in 


progress and is also used to determine when the START 
bit should be sent. The TICK COUNTER 
is used to deter· 


mine when to send the next bit (TICK COUNTERMOD· 
ULO4 = 0) and also when the STOPbits should be sent 
(TICKCOUNTER= 9 4).After the transmit routine com· 
pletes any other timer based routines, such as a key- 
board/display scanner or a real time clock, can be 
executed. 


;1 
; 1 Tlo( 
croITER: =Tlo( 
croITER+1 
; 1 IF Tlo( 
CtUfrER ID) 4=8 TI£N 
; 2 
IF T1lANSIUml«l ~1 
Tl£N 


; 3 
IF TICK CllNTER=88 1818 88 BltRY 
Tl£N 


; 4 
TIllIlSIlITTlI«l FlAG:=ll 


; 3 
ElSE 
IF Tlo( 
ClUHER=88 1881 88 BltRY 
Tl£N 
; 4 
SEll) Ell) ifill( 
;4 
TRffISIUnl1«l 
~:.., 
; 3 
. ELSE 
SINC£ Tlo( 
CtUfrER()TI£ 
IIlOYE CWIT Tl£N 
; 4 
SEll) P£XT BIT 
; J 
Ell)IF 
; 2 
ELSE 
SINC£ TIllIlSIlInII«l 
~ 
Tl£N 


; 3 
IF TRfIlSItIT REIlLESTFlfG-.""1TI£N 
; 4 
XIlTBYT:=NXTBYT 


; 4 
TIlANSIlITREQl.£STFlfli: =8 


; 4 
TRfIlSItITTII«l Flfli: =1 


; 4 
Tlo( 
CtUfrER· =8 
; 4 
SEll) S'II«: BIT (SPfa) 
;3 
EIflIF 


; 2 
Ell)IF 


; 1 Ell)IF 


inter 


Figure 4 shows the complete receive and transmit pro- 
grams as they are implemented in the instruction set of 
the 8049.Also included in Fig. 4 is a short routine which 
was used to test the algorithm. 


1 ;********* **tt·t***·***************************,,·********************************* 
2 ; * 
* 


: i* 
THIS PROfJRAMTESTS THE FI.U 
WPLE:{ 
COI1I'1UIHCATIONSUFTWARE 
* 


4 ;* 
* 


5 .;*********************************************** 
***********.t******************* 
6. 


7 $1NCLlJC'E( F1I)1;'TES T PDU 
8; 


9 ; 
STIlRT OF " EST ROUTINE 


10 ; 
==================== 


11, 


12 ' 
1], 
14 ; 
15; 


16 i 1 ERRORCOllNT: =9 
17 ; 1 REPEAT 
18 i ,: 
PATTERN:=9 


19 ii 
INITIALIZE 
mfER 


20 ; 2 
CLEAR FLAGB'r'TE 


21; 
2 
FLAG1=11ARK 
22 ; 2 
REPEAT 


23; 
3 
IF TRi1NS~lIT REQUEST FLAG=9 THEN 


24 ; 4 
N',iTB'.'TE:=PATT~RN 


2~,; 4 
TRANSM11 REQUEST FLAG=1 


26 i 7 
ENDIF 


27 
.•3 
IF DATA READY FLAG=1 THEN 


28; 
4 
PATTERN.=OVDATA 


29 ; 4 
r,ATA REArN FLAG =(1 


39; 
3 
ENDIF 


31; 
2 
UNTIL ERRORFLAG OR OYERRIJNFLAG 
32; 
~ 
INCREMENT ERRORCOlINT 


n; 
1 UNTIL FOREVEP 


34 
EOf 


~<~fEJECT 


36 
ORG 
II 


37; 
1 SELECT REGISTER BANK e 


38 
SEL 
~:Bll 


~'9; 
1 GOTO TEST 


40 
JMP 
TEST 


41 $ 
INCLU[l[U1IJARTi 
42 , 
43; 
44 
; 


45; 
46 i 
47; 


= 
48.' 
49 ' 


THIS ROUTINE RECEIVES S!:J:lflL 
CODE USING I'IN 
TO AS RXD 


AND CONCliRREN1LY TRANSI'IITS USING PIN P27 


NOTE. 


THIS ROUTINE USES FLAG 1 TO BUFFER THE TRANSI1ITTED 


inter 


5ll .;1 [iATA LINE. 
THIS 
fLl"INflTES 
TI£ 
JITTER 
THAT 


51 
,1 
IOJl.I) 
BE CflUSE1) BY YARIATllJlS 
IN TI£ 
RECEIYE 


52 
; 1 T1"I~. 
I() 
OT!£P 
f'lIOOI1A1411RY USE FLfli 
1 WHILE 


53 
. i TI£ 
T1I'IEP. HlTE~lIPT 
IS 
ENABLED 


54; 
')5; 
56; 
'57 . 
58 ' 
59 
. 
P.fGISTER 
ASSIGlft:NTS-BAN<1 


68; 
61 ; 
62; 


63 ATErt> 
EQlJ 


fA FLG8YT 
EQlJ 


65 
66 
67 
SAi'lCTI1 
EQU 


68 
TCKCTI1 
EQlJ 


69 REG0 
EIXI 


79 ; 
71 ; 
72; 
73; 


74 "OI!DAT 
EQlJ 


7'5 I'II)fITA 
EfIU 


76 IlXIlTBY 
EQIJ 


77 It/',(TBY 
EQU 


78 $EJECT 


; USED TO SilYE ACClAlA1Cl1 
CIlITENTS 
1)I"U~ INTERRltT 


(;ONTAINS YAlilOUS FLAGS !HD 
10 CONTROl H£ RECEIYE 


Afro TRFlNSMIT PJ.;or..ESS. 
SEE CMTANT 
OlFiNITIM 
F~ 


THE "!EAm NG OF EffCH BIT 
SAl'If'l.E COIJlTEI1 F~ 
THE RECIEYE 
f'F~SS 


SAMPLE Ce-JIITEP. FlJ/ 
TI£ 
lRANSllIT 
PROCESS 


USEr, >!~POINTEJI Rl:G1STER 


I1ECEIYE RET~NS 
Yftl.ID 
DP.TA IN THIS 
BVlE 


RECElltt. 
ACClil'lllATES 
DAlA 
IN THIS 
BYTE 


.' CONTAINS BillE 
ll~ll¥j 
TRA,'elmED 


; 
ClJITAIr.'S 
THE NEXT BYTE TO BE TRANSMITTED 


79; 
Be; 


61 
. 
CONSTANTS 
82; 
83; 


84; 
THE FOLLOWING CMTANTS 
ARE USED TO ACCESS TI£ 
FLAG BITS 
(;ONTfiINED 


S5 ; 
IN ~GISTER 
FLGBVT 


86; 
8981 
87 
I1CVFlG 


as 


8982 
89 
SVNFLG 
98 


8894 
91 B'r'FNFL 
92 


8eeS 
93 DRDlfL 
94 


9919 
95 
ERRFLG 
96 


9928 
97 
TRRQfl 
98 
99 


=199 


9949 
= 191 
TRN:ifL 


= 192 


99S9 
= 193 
0YRl'l 
=194 


EQlJ 
91H 
; 
5I:T IlI£N 
START Bll 
IS 
FII1ST 
DETE(;T~ 


; RESET WHEN RECEI'f'E 
PkC1..:ESS IS caf'lETE 


EQU 
92H 
; SET WIlEN STAIIT BIT 
IS 
YERIFIED 


; 
RESET WHEN RECEI~'E PROCESS IS 
caf'lETE 


EIllJ 
94H 
RESET IH:N 
STAId 
IlIT 
IS FIRST 
DETECTED 


SET HN 
TI£ 
~ IGHT DATA 8 rrs 
HAYE ft.L 
8lEN 
kECU YED 


I:fJU 
08H 
SHOOLD BE RESET 81' I'IAIN PROORA14WHEN DATA IS fU;EPTED 


SET 81' RECElYE 
PROCESS WHEN STOP £lIT(S) 
ARE YERIFIED 


EQlJ 
19H 
SOOJLD BE RESET BY I1lIN 
PROORII'I HN 
SAlf'LED 


SET BY RECEI'f'E 
PROCESS 
IF A F-RIl1INJ 
~~ 
IS DETE(;T~D 


EQtI 
2l.*l 
TESTED BY I1flIN 1'RI:G1~ 
TO DEl~lt£ 
IF- Rl:iIlY 
"10 


TRAN'"J'11T A rei BYTE-SET 
TO INDICATE 
THAT NXTBl'l 


HAS BEEN LOADED 


; 
IlESET BY TRANSIlIT 
PROCESS .,EN 
BYTE IS HCC~TED 


EQU 
49H 
; 
SET WHEN TRANS"ISSION 
OF A BYTE STARTS 


, 
RESET WHEN STOP IlIT 
IS 
TRANSPIIlTED 
EQU 
B9H 
SET 8''' RECElYE 
PROCESS WHEN OYEM 
OC~RS 


; 
S/W.D 
BE RESET B't' IlR IN PRf.Gffil'l 
IKN 
SAIlPLI:D 


oose 
FF7F 
9900 


8007 16llR 
9009 
n 


999A D5 


90lW:: 2]FE 
900E 62 


lJOOF 7615 
8911 
9A7F 


oon 9417 
001:5 8A80 


9017 FE 
9018 
1224 


90lC 
FE 
801D 4391 


8821 fiE 
8022 ll464 


= 195 
; 


= 196 ; 
= 197 
; 


= 188 ; 
= 109 
MARK 
E91J 
= 11l! SPACf 
EQlJ 
= 111 
STPBTS 
EQlJ 
= 112 
=113 
= 114 
; 


= 115 
$EJECT 


= 116 ; 
= 11"1 ; 


= 118 
; 


= 119 
; 


= 120 
= 121 
= 122 
; 1 EtHER I NTERRIJPT I'lOOE 
= 123 
TI Sl1 
JTF 
LIART 
= 124 
RETR 
= 125 
IJART: 
SEL 
RBl 
= 126 
; 1 5IM: 
ACCl'U.ATOR 
CONTENTS 
= 127 
I'lOV 
ATEI'F, A 
= 128 
; 1 RELOfI) WIER 
= 129 
MQI,' 
A, ITIIf;Nl 


= 130 
!'tOV" 
il 
= 131 
; 


I30H 
NOT 80H , 
e 


USE~ TO GEI6'ATED 
il I'lARK 


USED TO GENERATEA SPACE 
COIHROLS THE IUlIlER 
IF 
SlOP BITS 


9 GENERATtS ONE STOP BIl 
1 GEI£RilTES 
TWOSl~ 
BITS 


= 133 
; 
= 134 ; 
= 135 
JFl 
= 136 
OSPACE· ANI.. 


= 137 
JI1P 
= 138 
Dm1I( 
OR!. 


= 139 
; 


= 149 
; 


= 141 
; 
= 142 
; 


= 143 
; 1 IF RECEIVE FLAG=8 THEN 
= 144 
RC\i900. 
I'tO\I 
A, FLGBYT 
= 145 
J!l8 
RCYll19 


= 146 
; 2 
IF SEFIAL 
INPUT=SPACE THEN 
= 147 
JTe 
xlm 
= 148 
; 3 
RECEIYE FLAG:=1 
= 149 
/1011 
A. FLGBI'T 
= 158 
ORL 
A, .RC~'FLG 
= 1:51; 
3 
BIITE FINISI£D 
FLAG:=B 


= 152 
~ll 
A, ./{IT 
B'l'F1fl 
= 153 
·2 
Et«>IF 
= 154 
1'lO\I 
FLGBI'T, A 


= 155 
JIf' 
XI1IT 
= 156; 
1 EL~"E 
san RECEIVE FLAG=l TJ£N 
= 1S7 ; 2 
IF SYNC FLOO=B THEN 


= 158 
RCllf310. 
JBl 
RCve38 
= 159 ; ~( 
IF SEI1IAL INPUT=SPACE lHEN 


OMARK 
P2 .• SPACE 


RCllOO8 
f'2,'I'lARK 


002f 8084 


0031 
0464 


9935 f£ 
0036 l!464 


991C 5259 
003E 97 


003F 2642 
9941 A7 
9042 8821 
9944 FB 


0049 BS20 
004B Ae 


004C FE 
984(l l254 


904F 
4384 


9951 
fIE 


9952 
8464 


0054 
43~4 


9956 fIE 


= 160 
JTlj 
RC'.'\l2ij 


= 161; 
4 
S'M: 
FLffi 
=1 
= 162 
(J!l. 
A..JS'MLG 


= 163 
IfN 
FLGBVT, A 
= 164 . 4 
DATA:=80H 
= 165 
11l1Y 
Rll, Il'loATA 


= 166 
1'ffl 
@RO.• 8llH 


= 167; 
4 
SAl'IPLE CNTR' =4 
= 168 
MO\' 
SlKTR, .4 


= 169 
JI'lI' 
XI1IT 


= 170 
.:< 
ELSE 
SINCE SERIftL 
INPUT=I'IARK THEN 


= 171;4 
~,(CEI~'E 
FL~.=0 
= 172 
I1CV!l2ll' 
RNL 
A,II¥.lT 
RCVFLG 
l~IF 
1'ffl 
FLG£:YT..A 


JI'I' 
XI1IT 
= 176; 
2 
ELSE 
sun 
S'II.~ 
~Lffi=l 
THEN 


SAMPLE ClWTEI1 
=SAIlPLE CtwTEP.-1 
= 178 
RCVl.l30 
DJNZ 
SlKTR, 
~1'!IT 
IF SRI1F'lE COlINl E~=0 
THEN 


SAI1PLE COUtlTER: =4 
5Al'1CTR,.4 
IF BYTE FINISHET. 
FLilG=0 
THtN 


RCV0SB 
C 
CAWr'"=SERIft. 
INPlJl 


FCV841l 


C 
Re. '/1[>ATA 
il,~ 


SHIFT 
DATA ~J(j:HIHlH 
CilRR~' 
il 


~0,.A 


IF CilRR~'=1 THEN 


>:MIT 
IJ¥DATA' =DATn 
110. 'I'(lI(DAT 


~RO, A 


IF DATA FEArN FLAG=1l 1HEN 
A. FLGBYT 
flC~Ji.l45 


~'TE 
FINISH::fI 
FLflG=l 
A, 'BYFNFL 
FLGBYT..A 


XI'IIT 


ELSE 
BYTE FINISHED 
FLAG=! 
OVERRIJN FLAG =1 


= 174 
= 17'5 


= 183 ; 4 
= 1S1 
= 182 ,;4 


= 183 
= 184 
= 185 ; '5 
= 186 
= 187 
= 188 fIC\I840 
=18? 
= 190 ; 5 


= 191 


= 192 
= 193; '5 


=194 
= 195 ; 6 
=196 
= 19,' 
= 198 ,;6 


= 199 
= 200 
=281., 
= 2e2 


= 203 


= 284 


=205;6 
= 2e6 ,;;' 
= 207 
; 7 
= 298 
I1CII045: 


= 209 
;I'lO\l 


= 210 
ORL 
= 211 
I'lO\I 


= 212 ; 6 


JNTO 


CPL 


1'ffl 


1'ffl 


A.R~'T 
A.• (B'T'FNFL OR OI/RI.,I'I) 


FLGIl'1'T.A 


ENDIF 
ENDIF 
xrm 


inter 


005B 4308 
005[, 0461 


0061 53FC 
0063 IE 


0065 2393 
0067 5C 
006.0,9697 


00611 FE 
996B 37 
006C D286 


001'...£ 
2324 
ft070 
fi( 


0071 967B 


ee7! A5 
0074 8'5 


= 215 ; 4 
EL~.E 
SINCE B'rTE FIN1~oI£DFLf¥.I=l TIEN 


= 216 ; 5 
IF SERiAl INPUT=MARKTIEN 
= 217 KY059: 
JNHl 
RCY060 
= 218 .'6 
DATAREfll)',' FLAtJ:=1 
= 219 
ORL 
A, IDRD'rFL 
= 229 
J:'IP 
RCV979 
= 221 ; 5 
ELSE 
SIIU 
SERIAL lHPllT=SPACETIEN 


= 222 .'6 
ER~ 
FLAlJ.=1 
= 223 RCV869: ORL 
A, IERRFLG 
= 224 ;5 
ENDIF 
= 225 ,5 
~CEI',~ 
~LAG.=9 


= 226 ,5 
5~'NCFLf¥.I.=8 
= 227 I1C\X.l79.ANL 
A,ltm<S'l'NFLG 
ORRCYFLG) 
= :m 
If.)V 
FLGB'n, A 
= 229 .;4 
EHOIF 
= 2"1l .? 
E~lDIF 
= 231 ; 2 
HlDIF 
= 232.1 
ENDIF 
= ZD tEJECT 


= 234. 
= 235 • 
STAI'T Cf TRANSl'fITROOTIHE 


= 236 .; 
======================== 
= 237 • 


= 238 ; 1 
= 239 
•TRAN9HTTEROIJTPIJTBIT 15 P2-7 
= 248 ; 1 TICK ClX.MEI1.=TICK COliNTER+l 
= 241 X~IT 
INC 
TCKCTR 
= ~42; 1 IF TI CK COliNTER~OD4=0 THEN 
= 243 
i'1OV 
A,193H 
= 244 
ANt. 
A. TCKCTR 
= 24'5 
JNZ 
RETURN 
= 246 .2 
IF TRflN5t1ITTINGFLAG=l THEN 
= 247 
MOV 
A.FLGllYT 
= 248 
CPt. 
A 
= 249 
JB6 
XPlT949 
= ?:iO 
IF STPBTSEQ 1 
= 251 ; 3 
IF TICK COlJNTER=OO 
1819 00 BINfFl' 
TIEN 
= 252 
tllY 
A, 128H 
• CON)IT WNAL ASSEtIllY 


= 253 
XRL 
A,TCKCTR 
= 254 
JHZ 
~T019 
= 255 ; 4 
TRANSI'I 
I TTH~ FLf¥.I:=9 
= 256 
I'WJV 
A,FLGBYT 
= 257 
AtI. 
A,INCIl TRNGFL 
= 253 
MOV 
FLGBYT,A 
= 2'59 
.IMP 
RETlJRN 
= 260 
ENDIF 
= 261 . 3 
ELSE 
IF TICK COONTER=OO 
1001 00 BI/flRY THEN 


= 262 iI.ln919: 
I'I()',' 
ft, 124H 
= 263 
I.'RL 
A. TCKCTR 
= 264 
mz 
~'JH929 
= 265 • 4 
SElf> Ell> IftK 
= 266 
CLR 
Fl 
; SET FLf¥.Il TO IflRI( 
= 267 
CPt. 
Fl 
= 268 
IF STPBTSEQ 9 
= 269 ; 4 
TRAN~ITTING FLAG =8 


8075 FE 
0076 53BF 
8078 AE 
0079 9497 


0078 8822 
007D F9 
007E 67 
807F A9 
9889 A5 
9981 E697 
008J B5 
0084 9497 


998E FE 
008F 53DF 


8091 4J49 
0093 fIE 


0097 FF 
0098 93 


9100 
FFFE 
901E 
00lD 
901C 


: 278 
1m 
: 271 
AN.. 


= 272 
1m 
= 2i'3 
JI1P 
= 274 
ENDIF 
= 275; 
3 
ELSE 
slta 
TICK CCUITEROTHE ABOYECCOlT HEN 
= 276 ; 4 
SEND!£XT BIT 
= 277 XIH928: 
1m 
118,tl'IXIlTB't' 
= 278 
1m 
A,~ 


: 
279 
"'RC 
A 
= 280 
I'lOY 
@R8,A 
= 281 
CLR 
F1 
= 282 
.m; 
RETlJm 
= 28J 
CPt. 
F1 
= 284 
JI1P 
RETliRN 
= 285 ; 3 
ENDIF 
: 286 ,;2 
ELSE 
SINCE TRANSIHTTING~LAG=9 THEN 
: 287 ; 3 
IF TRAllSMIT !1EQl{ST FLAG=l THEN 
= 288 XIlT949: 
JB5 
RETI.~ 
; FLAG BYTE THERE 


= m ;4 
XI'ITB't'T:=N:<TBYT 
= 298 
PlOY 
Pij, 1flNXTB't' 
= 291 
PlW 
A, @RO 
= 292 
PlW 
Re,.II1XI'ITIlY 
= 293 
1m 
~,A 
= 294 ,4 
TRfllSIlIT 
REQl{ST FLAG'=9 
= 295 
1m 
A. FLGB't'T 
= 296 
AN.. 
A, III)T 
TRRQFL 
= 297; 
4 
T~ANSMITTItlG FLAl.i'=1 
= 298 
ORL 
A, ITRtm 
= 299 
I'1OY 
FLGB't'T,A 
= 3ge; 
4 
TICK COIJlTER'=9 
= 391 
"',I)',' 
TCKCTR,10 
= 302 ; 4 
SENDS~'OCBIT (SPfa) 
= 393 
CLR 
Fl; 
SET FLAG 1 TO CME 
A Sl'fU 
= 394 ;:; 
ENDIF 
= 395 ,2 
OOIF 
= 386 ,1 
ENDIF 
= 397 RETURN: 
= 393 ; 1 REST~ 
~.o.n.Il..ATfJl 


= ]99 
1m 
A, ATEI'If' 


= 319 
RETR 
311 $EJECT 
312; 
313 ; 
314 ; 
J15 ; 
J16 
lJlG 
317 TI/'lCNT 
EQU 


318 'l'LGBV 
Eoo 
J19 IlSMT 
EQU 
J29 "TCKCT 
EQU 
321; 
322 ERRCNT Eoo 
323 PAn 
EQU 
324 ,; 


A, FLGB't'T 
A, IIIJT 
TRIU'L 
FLGB't'T,A 
RETURN 


FLft(j 1 WILL BE USEDTO BtfFER 
TXl) 
; GO TO REnRl 
POINT IF TXD=SPACE(9) 


; ELSE COI'IPLEI1EIITFLAG 1 TO A PlARK 


91ll9H 
-2 


1EH 
1J)H 
lU1 


intJ 


9194 23FE 
e1136 62 
9197 55 
9198 25 


9199 Ba1E 
91118 Il999 


9190 AS 
919E BS 


919F 881E 
9111 F9 
9112 8224 


9114 8923 
9116 FE 
9117 A1 


9119 F9 
911A 4329 
911C All 
911D 25 
911E 1622 
0120 2424 
9122 149A 


9124 F9 
9125 37 
9126 7238 


0128 B928 
912A F1 
912B lIE 


32S ; 
326; 
327;1 
~ 
CMT:=9 
328 TEST: 
P«JY 
ERRCNT,19 


329 ; 1 REPEAT 
338 TLOP: 
331 ; 2 
PAnERN: =9 


332 
P«JY 
PAn, tee 
333 ; 2 
INITIIl.IZE 
TIPlER 
334 
rov 
R.tTIlOlT 


335 
P«JY 
T, A 
336 
STRT 
T 
337 
EN 
TeNTI 


338; 
2 
CLEARFLAGBYTE 
339 
IlOY 
RIl.IIflGBY 
348 
IlOY 
l!R9,19 
341 ; 2 
FLAG1=1'1ARK 
J42 
CLR 
F1 
J4J 
CPt. 
F1 
344 ; 2 
REPEAT 


J4'5 TlLOP: 
J46 ;3 
347 
348 
J49 
359 ;4 
351 
352 
353 
354 ;4 
J55 
356 
357 
3S8 
359 
369 
361 
362 
363 
364 TESTA: 
365 ;J 
J66 i3 


367 TREC: 
368 
369 
379 
371 ;4 
:m 
'373 
J74 
375 ;4 
376 
m 
J78 
3i'9 


IF TRANSIlITREQl.£STFLAG--9THEN 
P«JY 
RIl,WLGBY 
I'J)\I 
A,@R9 
JBS 
TREC 
NXTB't'TE:=PATTERN 
Pm 
R1..II'INXTB'1' 
IlOY 
A.PAn 
I'tOV 
~,A 
T~IT 
REQUESTFLOO=1 
DIS 
TeNTI; 
LOCKOUTTIPlER INTERRlfT 
so THATIlUTI..Wll.EXCLUSI(Jl IS lftiNTflIIl.D 
IfllLl 
; HiE FLAGB\'TE IS BEING I'IOOIFIED 
IlOY 
0Rl. 


1'1011 


EN 
JTF 
JI'lP 
CIl.L 
ENDIF 
IF DATAREADYFLOO=1THEN 


A,~ 
A,Iw:tlFL 
l!R9,A 
TCNTI 
TESlft 
TREC 
~T 


~ 
A.l!R9 
CPt. 
A 
183 
TRECE 
PATTERN;=OKDATA 


rfJol 
R1, IflOKDAT 
IlOY 
A,@R1 
IlOY 
PATT,A 
DATARER>YFLAG;=0 
DIS 
TCNTI; 
LOCKOUT TlI'lER INTERRUPT 
so THATPlITlR.. EXCLUSI(Jl IS 1ftINTIANEDIlll LE 
; TI£ FLAGB'1'TEIS BEIP«l I'IOOIFIED 


912E 53F7 
ene A9 


8131 25 
8"13216J6 
£l134 24]8 


81J6 
148A 


lIBS F8 


8139 5:>'9ll 


8BBC6llF 


fl, .NOT liRD\'FL 
~9,A 


TCNTI 


TESTB 


TRECE 
[WT 
; 
CfU 
iJART IF TII1ER O'./ERFLMD 
DURING LOCKOUT 


389 
All. 


381 
110',' 


382 
EN 


]8] 
JTF 


384 
JI1P 


385 TESTS. 
CALL 


386 TRECE. 
]<:7 ;3 
OOIF 


388 ; 2 
UNTIL ER~ 
FLAG OR O'./ERRIJNFLAG 


389 
I'lI.N 
A,@R8 


398 
All 
A, '(O'f'RIJN OR ERRFLG) 


391 
JZ 
1IL0P 


392 ; 2 
INCREMENTEWOR COUNT 


393 
IN(' 
EI1I"CNT 


394 ,1 
IJNTIL FOREVER 


395 
JMP 
TLl» 


396 
; EOF 


397 
EI{) 


USER SI'IlBOl.S 


flTElIP 
9007 
B'r'fIf'L 
ooe4 
DrlD'r'FL 8088 
ERRCNT0007 
E"'RFLG 981(1 
FLGB\'T 00116 
MARl( 
0088 
PlOOTA 9821 


I'FLGB't' 981E 
MNXTB't'8023 
IO::DAT 0020 
I1SAl'lCT001D 
I1TCKCT881C 
I1Xl'ITB\' 0022 
or'IARK 0015 
OSPACE 0011 


O'./RIJN 0088 
PATT 
0006 
RCII000 8917 
k("",'818 00'24 
RC'./820 oo:n 
RC.,,838 8938 
RC'~840 8842 
kCV845 8954 


RC.,,958 0059 
RCY96e 005F 
RCV878 0061 
RCVFLG 0081 
REG8 
0088 
RETIJ(N 009( 
5AI1CTk 0005 
SPACE 
FFlF 


STPBTs llOO0 
S'r'hfLG 8882 
TCKCTR flOO4 
TEST 
8100 
TESTA 
81;''2 
lEsTB 
flB6 
llLOP 
£lUll' 
f1I1CNT mE 


TISR 
0087 
TLOP 
9182 
TREC 
9124 
TRECE 9BS 
TRNGFL 9849 
TRRQFL 0020 
UART 
~ 
XPlI1 
0064 


X/'IT91fl 006E 
XPlTB29 9878 
X/'IT849 8086 


Most microcomputer programmers have at one time or 
another implemented a multiply routine as part of a 
larger program. The usual procedure is to find an algo· 
rithm that works and modify it to work on the machine 
being used, There is nothing wrong with this approach, 
If engineers felt that they had to reinvent the wheel 
every time a new design is undertaken, that's probably 
what most of us would be doing-designing 
wheels. If 


the efficiency of the multiply algorithm, either in terms 


of code size or execution time is important, however, it 
is necessary to be reasonably familiar with the multipli· 
cation process so that appropriate optimizations for the 
machine being used can be made. 


To understand how multiplication operates in the binary 
number system, consider the multiplication of two four 
bit operands A and B. The "ones and zeros" in A and B 
represent the coefficients 
of two polynomials. The 


operation A x B can be represented as the following 
mUltiplication of polynomials: 


+ 
BOA3*23 
+ 
BOA2*22 
+ 
BOA1*2' 


+ 
B1A3*24 
+ 
B1A2*23 
+ 
B1A1*22 
+ 
B1AO*2' 


+ 
B2A3*25 
+ 
B2A2*24 
+ 
B2A1*23 
+ 
B2AO*~ 
B3A2*25 
+ 
B3A1*24 
+ 
B3AO*23 


inter 


The sum of all these 
terms 
represents 
the product 
of A 


and 
B. The 
simplest 
multiply 
algorithm 
factors 
the 


above terms 
as follows: 


Since 
the coefficients 
of B (Le., BO, B1, B2, and B3) can 


only 
take on the binary 
values 
of 1 or 0, the sum of the 


products 
can be formed 
by a series 
of simple 
adds and 


multiplications 
by two. The simplest 
implementation 
of 


this 
would 
be: 


MULTIPLY: 
PRODUCT=O 
IF BO= 1 THEN 
PRODUCT: = PRODUCT + A 


IFB1=1 
THEN 
PRODUCT:=PRODUCT+2*A 


IF B2 = 1 THEN 
PRODUCT: = PRODUCT + 4 *A 


IF B3 = 1 THEN 
PRODUCT: = PRODUCT + 8* A 


END MULTIPLY 


In order 
to 
conserve 
memory, 
the 
above 
straight 
line 


code is normally 
converted 
to the following 
loop: 


MULTIPLY: 


PRODUCT: =0 
COUNT:=4 
REPEAT 
'IF 
B[01=1 
THEN 
PRODUCT:=PRODUCT+A 
ENDIF 


A:=2*A 
B:= B/2 
COUNT: = COUNT-1 


UNTIL COUNT: = 0 


END MULTIPLY 


The repeated 
mUltiplication 
of A by two (which 
can be 


performed 
by a simple 
left 
shift) 
forms 
the terms 
2*A, 
4*A, 
and 
a*A. 
The variable 
B is divided 
by two 
(per· 


formed 
by a simple 
right 
shift) 
so that 
the least 
signifi· 


cant 
bit can always 
be used to determine 
whether 
the 


addition 
should 
be executed 
during 
each pass through 


the 
loop. 
It is from 
these 
shifting 
and addition 
opera- 


tions 
that 
the "shift 
and add" 
algorithm 
takes 
Its com- 


mon name. 


The 
"shift 
and 
add" 
algorithm 
shown 
above 
has 
two 


areas where efficiency 
will be lost if implemented 
in the 


manner 
shown. 
The first 
problem 
is that the addition 
to 


the 
partial 
product 
Is double 
precision 
relative 
to the 


two operands. 
The other 
problem, 
which 
is also related 


to double 
precision 
operations, 
Is that the A operand 
is 


double 
precision 
and 
that 
it must 
be left 
shifted 
and 


then 
the B operand 
must 
be right 
shifted. 
An examina- 


tion 
of 
the 
"longhand" 
polynomial 
multir 
ication 
will 


reveal 
that, 
although 
the partial 
product 
is mdeed 
dou· 


ble 
precision, 
each 
addition 
performed 
is only 
single 


precision. 
It would 
be desirable 
to be able to shift 
the 


partial 
product 
as it is formed 
so that only single 
preci- 


sion 
additions 
are performed. 
This 
would 
be especially 


true 
if the partial 
product 
could 
be shifted 
into the "B" 


operand 
since 
one bit of the partial 
product 
is formed 


during 
each pass through 
the loop and (happily) 
one bit 


of the "B" 
operand 
is vacated. 
To do this, 
however, 
it is 


necessary 
to modify 
the algorithm 
so that 
both 
of the 


shifts 
that occur 
are of the same type. 


To see how this 
can be done one can take the basic 


multiplication 
equation 
already 
presented: 


A *B = 24[BO*(A *2-4)+ 
B1*(A *2-3) 


+ B2*(A*2-2)+ 
B3'(A'2-1)) 


This 
operation 
has 
resulted 
in 
a 
term 
(within 
the 


brackets) 
which 
can be formed 
by right 
shifts 
and adds 


and 
then 
multiplied 
by ~ 
to get 
the 
final 
result. 
The 


resulting 
algorithm, 
expanded 
to form an eight 
by eight 


multiplication, 
is shown 
in figure 
5. Note that 
although 


the result 
is a full 
sixteen 
bits, 
the algorithm 
only 
per- 


forms 
eight 
bit additions 
and that only a single 
sixteen 


bit 
shift 
operation 
is involved. 
This 
has the 
effect 
of 


reducing 
both 
the 
code 
space 
and the execution 
time 


for the routine. 


1 $MACROFILE 
2 $INCLUDECF1.t1I'\'8. 
HEr,) 


~ i ****_,*****************************-t-*******************_******************** 
4 .;* 
* 


'5 ; * 
PlPYBX8 
* 


6. * 
* 


7 ; *========================================================* 
8 ,* 


9 ; * 
10 ;* 
11 ;* 
12 i* 
13 i* 


THIS UTILm 
PROVIDES AN 8 B~' ~ UNSIGNED IUTIPLY 
AT ENTRY. 


A = LOWEREIGHT BITS OF DESTINATION OPERAND 
XA= DON'T CARE 
R1= POINTER TO StlJRCE 0I'ERflW 
(I'lJlTIPLIER) 
IN INlERNAL P1EI'IEOR~' 


Figure 
5 


inter 


9006 2A 
8i.Ie7 97 
8008 67 
e8ll::! 2A 
800A 67 


000B EBe4 
llOO[l 83 


14 ;* 
* 


15 ; * 
AT EXIT 
• 


16 ; * 
A = LMR 
EIGIH BITS OF RESllT 
* 


17 ; * 
»l= 
UPPEREIGHT BITS OF RESUlT 
* 


18 ; * 
C = SET IF OVERFLOWELSE CLEARED 
* 


19 ;* 
• 


28 ; **********.*****************.************************************************* 
21 ; 
22 ; 
23 $INCLUDE<:FUIPY8 
P[)Li 
24 ; 1 I1PY8X3. 


25 .'1 /'Ill TiFLI CAND{15-81 
=Ii 
26 ..1 COUNT.=8 
27 : 1 REPEAT 


28: 
2 
IF MULTIPLICANOC01=9 THEIl BEGIN 


29 .3 
MULT1PLlCAND =MlILTIPLICAND/2 


39 
;, 
ELSE 


11 d 
MULTIPLICANN 15-8 J. =11lJLTIPLlCANl)[ 15-8 1+1IULTIPLIER 


~2 .::' 
I1IJLTI PLI C!lNr' :=MlILTI PLI UtND/2 


:3: 2 
ENDIF 


34 ; 2 
':OlItH.=cou~n-1 


55 
1 LINTIL rOUtJT=0 


:'S 
1 EN!' MF"JoXS 


:8 
EOIJATES 


39 : 
40 ; 
41 XA 
EQU 
R2 
42 COliNT 
EQlJ 
R3 


43 
ICNT 
EQlI 
R4 
44 ; 
45 DIGPR 
EQU 
46: 
47 $EJECT 
48 SINCLlIDE<:Fl:t1I'Y8) 
49 ; 1 MPY8X8 
50 MP~·8~:8. 


51 ; 1 HULTIPLlCAN[)[ 15-8 1:=9 


52 
~ 
XA,IOO 
53 .1 COUNT:=8 


54 
I'lOV 
COlINT, 18 
55 ; 1 REPEAT 
56 PlPY8LP 
57 ; 2 
IF MTIPLICAND[9]=9 
THEN BEGIN 
58 
JBe 
Mf'YSA 
59; 
3 
PIUL11PLl CAND:=HULT1PLlCAND/2 


69 
XCH 
A· XA 
61 
CLJ;~ 
C 


62 
RRC 
A 


63 
XCH 
A. XA 


64 
RPC 
A 


65 
DTNZ 
COUNT.MP~'8Lf' 


66 
PET 


67; 
2 
ELSE 


inter 


lI99E 
211 
998F 61 
0019 67 
8911 
2A 
9812 67 
8913 EBe4 
Q01S 83 


68 
1lP'r'8A 


63 ; 3 
IU.TIPlICfH){lS-8l:=/U. 
T1PlICflM)( 1S-8~I1UlTlPlIEJ( 


79 
XCH 
R, XII 


71 
fI)() 
R,l!R1 
n 
RRC 
R 
73 
XCH 
R, XII 


74 
m 
A 
~ 
D.JNZ 
CCUlT, 'I'Y9,J' 
76 
~ET 


77 ; 3 
IU. T1PlI CAN)::IU.TIPlICAN)12 
78 ; 2 
EttllF 


79 ; 2 
CliUNT .=COONT-1 
sa .;1 UNTIL 
COONT=0 


~'1 ; 1 END MP'!'S.'<3 
32 
r.~ 


USER S"'MBOt5 
C(dJNT 0003 
DIGPP 
I)OO~. 


In order 
to understand 
binary 
division 
a four 
bit opera- 


tion 
will 
again 
be used 
as an example. 
The 
following 


algorithm 
will 
perform 
a four 
by four 
division: 


DIVIDE: 


IF 16'DIVISOR>= 
DIVIDEND 
THEN 


SET OVERFLOW 
ERROR 
FLAG 


ELSE 
IF a"DIVISOR> 
= DIVIDEND 
THEN 


OUOTlENT[3): 
= 1 


DIVIDEND: 
= DIVIDEND 
- a"DIVISOR 


ELSE 
OUOTIENT[3): 
= 0 


ENDIF 
IF 4"DIVISOR>= 
DIVIDEND 
THEN 


OUOTIENT[2): 
= 1 


DIVIDEND: 
= DIVIDEND 
- 4" DIVISOR 


ELSE 
OUOTIENT[2]: 
= 0 


ENDIF 
IF 2"DIVISOR> 
= DIVIDEND 
THEN 


OUOTlENT[1]: 
= 1 


DIVIDEND: 
= DIVIDEND 
- 2"DIVISOR 


ELSE 
OUOTIENT[1]: 
= 0 


ENDIF 
IF 1" DIVISOR> 
= DIVIDEND 
THEN 


OUOTIENT[O): 
= 1 


DIVIDEND:= 
DIVIDEND- 
1"DIVISOR 
• 


ELSE 
OUOTIENTIO): 
= 0 


ENDIF 
ENDIF 
END 
DIVIDE 


The algorithm 
is easy to understand. 
The first 
test 
asks 


if the division 
will 
fit into the dividend 
sixteen 
times. 
If it 


will, 
the quotient 
cannot 
be expressed 
in only 
four 
bits 


so an overflow 
error 
flag 
is set and the divide 
algorithm 


ends. 
The algorithm 
then 
proceeds 
to determine 
if eight 


times 
the 
divisor 
fits, 
four 
times, 
etc. 
After 
each 
test 
it 


either 
sets 
or clears 
the 
appropriate 
quotient 
bit 
and 


modifies 
the 
dividend. 
To see this 
algorithm 
in action, 


consider 
the division 
of 15 by 5: 


00001111 
(15) 
- 01010000 
(16"5) 


Doesn't 
fit-no 
overflow 


00001111 
-00101000 


00001111 
-00010100 


00001111 
-00001010 


00000101 


00000101 
- 00000101 


00000000 


(15) 
(a"5) 


Doesn't 
fit-O[3] 
= 0 


'(15) 
(4*5) 


Doesn't 
fit-O[2] 
= 0 


(15) 
(2'5) 


Fits-OI1]= 
1 


(15·2"5) 
(1'5) 


Fits-O[O) 
= 1 


The result 
is 0 = 0011 which 
is the 
binary 
equivalent 
of 


3-the 
correct 
answer. 
Clearly 
this 
algorithm 
can 
(and 


has been) 
converted 
to a loop 
and 
used 
to perform 
divi· 


sions. 
An examination 
of the 
procedure, 
however, 
will 


show 
that 
it has the same 
problems 
as the original 
mul- 


tiplyalgorithm. 


The first problem is that double precision operations are 
involved with both the comparison of the division with 
the 
dividend 
and 
the 
conditional 
subtraction. 
The 


second problem is that as ihe quotient bits are derived 
they must be shifted into a register. In order to reduce 
the register requirements, it would be desirable to shift 
them into the divisor register as they are generated 
since the divisor register gets shifted anyway. Unfor- 
tunately the quotient bits are derived most significant 
bits first so doing this will form a mirror image of the 
quotient-not 
very useful. 


Both of these problems 9an be solved by observing that 
the algorithm presented for divide will still work if both 
sides of all the "equations" 
involving the dividend are 


divided by sixteen. The looping algorithm then would 
proceed as follows: 


DIVIDE: 


QUOTIENT:= 0 
COUNT:=4 
DIVIDEND:= DIVIDEND/16 
IF DIVISOR>= DIVIDEND THEN 


OVERFLOW FLAG:= 1 


ELSE 
REPEAT 
DIVIDEND:= DIVIDEND'2 
QUOTIENT:= QUOTIENT'2 
IF DIVISOR>= DIVIDEND THEN 


QUOTIENT:= QUOTIENT+ 1/'SET QUOTIENT[Oj'/ 
DIVIDEND:= DIVIDEND- DIVISOR 
. 
ENDIF 
COUNT:= COUNT- 1 
UNTIL COUNT= 0 


ENDIF 
END DIVIDE 


When this algorithm 
is implemented on a computer 


which does not have a direct compare instruction the 
comparison is done by subtraction and the inner loop of 
the algorithm is modified as follows: 


REPEAT 
DIVIDEND:= DIVIDEND'2 
QUOTIENT:= QUOTIENT*2 
DIVIDEND:= DIVIDEND- DIVISOR 
IF BORROW= 0 THEN 
QUOTIENT:= QUOTIENT+ 1 


ELSE 
DIVIDEND:= DIVIDEND+ DIVISOR 


ENDIF 
COUNT:= COUNT- 1 
UNTIL COUNT= 0 


An implementation of this algorithm using the 8049 in- 
struction set is shown in figure 6. This routine does an 
unsigned divide of a 16 bit quantity by an eight bit quan- 
tity. Since the multiply algorithm of figure 5 generates a 
16 bit result from the multiplication 
of two eight bit 


operands, these two routines complement each other 
and can be used as part of more complex computations. 


1 $/lACI"OFILE 
2 $IIUI.lOEl:F1"[lI1l16 
HED) 


? ,.**••• *"*****~**********"******************************************************** 
4 ,* 
* 
5 ;* 
Dillit. 
* 


6 i* 
* 
7 .•*=================================================================t 
8 i* 
* 
9 .•* 
THIS 
UTlLlr" 
Pf'OllIDES 
AN 16 B\' 8 UNSIGNED DIlilDt 
* 


19 .•* 
AT ENTR';: 
* 
11 
.•* 
A = LOWER EIGHT BITS 
OF DESTINATION 
OPERAND 
* 
12 .•* 
XA= tJPPEP EIGHT BITS 
Of 
DIVIDENI> 
* 
is ;* 
R1= POWTEP 
TO DIIiISOR 
IN INTERNAL 11E~'Y 
* 
14 i* 
* 
15 
;* 
AT EXIT: 
* 
16 ; * 
A = LOWER EIGHT BITS 
~ 
RESUL1 
* 
17 
i * 
XA= IlEI1AINDER 
* 


inter 


9903 37 
8084 61 
ll805 37 


9l.~il7 
00fj9 8424 


18; * 
C = SET IF OVERFLOWELSE CLEARED 
* 


19 -'* 
* 
2lJ ..******1'*·u·~*, •• *** ~.* ******.** ****1'***1'*********1'************************~**** 
21· 


27 fINCLLIDE( H:DIV16 
POl) 


24 
; 1 01\116 


?') ; 1 COI.~n =3 
26 
; 1 vIVIDEND[l~-8J=[JIVIDEN[U5-8HII'nSOf\ 


27 -'1 IF BOI<ROW=flTHEN 1* IT FITS*/ 
28 ; 2 
SET O"ERFLOIoiFLAG 


29 
; 1 ELSE 


30 ; 2 
PESTfjjOE O!'JIDENO 


31 ; 2 
PEPERT 


1·~ ,5 
DIVIDENO=DIVIDEN£i*2 
n ;1 
WOTIENT =CjlJOTIENT*2 


34 ; 3 
[;IVIDEND[15-8J=OIVIDEI{)[1~-8j-{)IVI50P 
35;}. 
IF BOI"POI·l=1THEN 


76 
; 4 
RESTORE [;IVIDEND 
77 
; 3 
ELSE 


18 
; 4 
;;)lIOTlLNHll) 
=1 


39 
.: 
Elf,IF 


411 
;., 
cOllm 
=W.JNT-1 


41 ; '2 
lINTIL CI)IJNT=0 


42; 
2 
CLEAR O~'ERFLOWFLAG 
43 
; 1 END:F 
44.1 
ENI'i[,!'ni)[ 
45 .; 


46 
. EQUATES 
47· 
43 ; 
49 )1l 
EQlJ 
f/2 
50 C(WT 
EQU 
f/3 
51 ; 


52 SEJECT 


53 SINCLL{)[( :F1:llIV16) 
54 ,1 
DIV16. 
55 DIV16 
:..rH 
A, XA 
f!I)IJTINE WORKSro5TLV 
WITH BIl5 
15-8 


56 ; 1 COUNT:=8 
57 
I'lO\I 
COIJIH.·.8 


58 
·1 DIVIDEt«15-8J:=r'IVIDEN[.{1S-8HiIVI~ 
59 
Gf'l. 
A 


60 
RD£l 
A. @Rl 


61 
CPL 
A 


62 ; 1 IF BORROlI=l3THEN i* IT fIlS*/ 
63 
JC 
D1VIR 


64 
; 2 
SET OVEI1FLOIJFLAG 


65 
CPL 
C 
66 
JI'I' 
vlVIB 


67 ;1 ~t~.£ 
68 f)g.'lfi: 


69 
. 2 
~'E<;T(JREDIVIDEND 
?,~ 
IlOO 
A, @Rl 


71 
2 
REPEAT 


72 DIVILP: 
?].3 
DIVIDEND =I'iIVIDEND*2 


inter 


LOC 
os.] 
SEQ 


-'4 .,3 


800C g~ 
7'5 
-, 


tOO ~'fl 
76 
!.lel1E F? 
77 


900F 2f! 
78 
00111 F7 
79 


0011 E618 
80 


001:; 17 
81 


0014 61 
82 
0015 
37 
83 
0016 042'3 
t:4 
85 , 


" 
0018 
~7 
:3£ DIVIE: 


0019 61 
~, 


(lalA 37 
88 
;?~ 


0018 
1:6211 
90 
91 
.,4 


€U31ll 61 
92 
IJa1E a421 
~3 


OOOTIElH 
=QlIOTlEIlT*2 


eLR 
C 


"<CH 
H,:<A 


IILC 
A 


XCH 
A, XA 


PLC 
A 


-IN(; 
vIVIE 


CPI 
A 


fV>(> 
A,@R1 


C"PL 
A 


.;l1f' 
VIVIC 
[,IVIDEN[){15-81 
::()(VIvENI)(15-8 HiIVI~ 


CPL 
A 
HI){) 
H,@R1 


CPL 
A 


IF 
E:ORROW=1 THEN 


.i~jC 
DIVIC 


PE5TORE 
t'lliWEIlL) 


rirl(' 
A.~l 
mp 
DIVW 


ELSE 
Q4 
': 


95 co1',,",e 
% 
4 
I:JlJOTlENHn=1 


~'i' 
we 
i~A 


98 
Hllm 


99 ; J 
(:.:Jtm 
=WJNT-1 


= 100 . ~ 
U'lTlL 
COIJNT=0 


= l11l vIVI~! 
DJNZ 
lCVJNT..vI','iLP 


= 1i.l2 
~ 
CLEAI' 
O','!:;I.LOW 
FLAG 


= 10, 
CL~' 
C 


= 104 ·1 EHe,le 


= 105 ,1 EIlN)J'JIO£ 


= 106 e'I'i1S 
;<CH 


= 1~7 
RET 


198 
END 


0024 
28 
~j02581 


IJ5E'" SYt180lS 
COUNT 
1.1083 
[)j°~16 
(lOOi.l 


r-A 
tl0fJ2 


The variable 
BCDACCUM 
is a BCD string 
used 
to ac- 


cumulate 
the result; 
the variable 
BIN is the binary 
num- 


ber to 
be converted. 
PRECISION 
is a constant 
which 


gives the length, 
in binary 
bits of BIN. To see how this 


works, 
assume 
that 
BIN is a sixteen 
bit value with 
the 


most 
significant 
bit set. On the first 
pass through 
the 


loop the multiplication 
of BIN wiil 
result 
in a carry and 


this 
carry 
will 
be added 
to 
BCD. 
On 
the 
remaining 


passes 
through 
the loop BCD wiil 
be multiplied 
by two 


15 times. 
The initial 
carry into BCD wiil be multiplied 
by 


215 or 32678, which 
is the "value" 
of the most significant 


bit 
of BIN. 
The process 
repeats 
with 
each 
bit 
of 
BIN 


being 
introduced 
to BCDACCUM 
and then being scaled 


up on successive 
passes 
through 
the 
loop. 
Figure 
7 


shows 
the 
implementation 
of 
this 
algorithm 
for 
the 


8049. 


The conversion 
of a binary value to a BCD (binary coded 


decimal) 
number 
can 
be 
done 
with 
a very 
straight- 


forward 
algorithm: 


CONVERT_TO..BCD: 


BCDACCUM: = 0 
COUNT: = PRECISION 
REPEAT 


BIN:= 
BIN· 
2 


BCD: = BCD· 
2 + CARRY 


COUNT: = COUNT - 1 


UNTIL COUNT = 0 


END CONVERLTQBCD 


1 mACR(lfILE 
2 SIOCUi{)fiFUONBCD 
HED) 


~: .'~·"*****"H* +t*"*t*"******.t******"******"".~********"**",,*,,,,**,,,,*,,**"""t*""""**,, 
4 ,. 
" 


5 ,* 
CONBC[I 
* 


6 i* 
" 
7 ,*=========================================================================* 
8 it 
* 


9 ;" 
THIS UTlLITOr'CONVERTSA 16 Bli BINARY'lRUE 10 BCD 
* 


19. * 
AT ENTRY 
••• 


11;" 
A = lOWE~'EIGHT BITS (f BINI*\' YALIJE 
* 


12' 
* 
:<A=IJPP[1i EIGHTBIIS 
OF BlNAP.VYRI..( 
* 


13 '" 
R9= PllnmR 
TO f< FACKEDBCDSlRING 
* 


14'* 
* 


15' 
* 
HT EXIT 
" 


16; ~ 
A = l.~lDEFINfD 
* 


17 ; * 
i(fl= IJNOEFINfD 
* 


18 ; * 
C = SET IF OYERFlOlo:ELSE CLEARED 
* 


19 ;* 
* 
29 ; ****t"* •• ******,,,_************,_******************,_**********u***t************* 
21' 
22, 
23 SINCllllECF1CONOC[' PDU 
24 ; 1 COIWERT-TO_BCD 
2S i 1 BCDACC:=9 
26·1 
COltlT =16 
27 
1 REPEAT 


28 ;2 
BIN:=BI~2 
29 ; 2 
BCD.=BCD*2+CARRI' 


30 i 2 
IF CARI1VFROIlBCDACCGOTOERROREXIT 
31 ; 2 
CottlT =COUNT-1 


32 ; 1 UNTIL COUNT~ 
J3 '1 ENDCONIlERT 
_TO_BCD 


34; 


::''5 ; EQUATES 
36~~. 
_'i 
t 
0002 
:8 i(A 
EQU 
~2 


0003 
39 COUNT EQU 
R3 


0004 
40 leNT 
EQU 
1\4 
41 ; 


8003 
42 DIGPR 
EQU 
3 
41 ; 
44 SEJECT 


45 SINClIJl'E (Fl 
COIlBCD) 
46 . 
.;7 TEMP1 
SET 
RS 
48 i 
49. 1 GONVEH_TO_BCD 
";13 CNBW 
51 ; 1 BC[IftCC=8 
~;2 
i.'CH 
A,R9 


inter 


9(1£'1 A9 


9002 
~~ 


900::; 
BC13? 


~ 
1:1100 
0007 19 
eoo8 [':05 


00(1C 97 
סס oo p 
~1f 
2ft 
~1l:1f F7 


(l13113 ~A 


0011 28 
(1(112 A9 
001] 28 
0014 Bee3 
0016 
AO 
0017 F1 
0018 71 
~101957 
~J01H 1i1 
0018 19 
0{'lC E07 
00lE .() 


~'l, A 


ft, PO 


ICNT. fDlfJF'P 


!!'I'l,400 
Pi 
IellT. 
BC[{OA 


5; 
I'lOV 
54 
~(CH 
'55 
I1i.~J 


'56 
BW:'C',:> 
MOil 
57 
It¥: 


:'8 
DJljZ 


~9 
. 1 COI)!IT =if 


93 
MOV 


61 
. 1 F'EPEAT 


62 
E:(fJCOB. 


~3 .;: 
B:N. =BII#;; 
~4 
(U 
C 
~5 
PLC 
fi 


66 
XCH 
A, XA 


67 
RLC 
A 


&9 
iI.cH 
A. :<A 


,,9 
'2 
E:CD. =BCD*2+CAPI1\' 


713 
~(CH 
fl, Re 
71 
PlQV 
Pi, A 


;'2 
XCH 
A, Re 


?3 
110',1- 
ICNT.fDHn 
74 
Mf.t.' 
TEMP!.A 


7'5 Bcro: 
110',1 
A.@R1 


76 
fOOC 
A,~l 
77 
[>A 
A 


78 
MOV 
@Pl· A 


79 
lNC 
R1 
:3(1 
(,JNZ 
I cln . BCCoOC 


81 
t'lD" 
A. TEMPt 


82 
. 2 
[F 
CARli" 
FPOM SWAGC 
GOTO ERROR EX IT 


83 
JC 
BCVCOO 


84 . 2 
COUNT=COUNT-l 


85 ·1 UNTIL WJNT=9 


86 
r,m: 
COUIIT. BWCOB 


87 
CLR 
C 
CLEAR 
CARRY TO WD ICATE 
NORI'IAl. TERMINATION 


88 
; 1 END COIMPT 
_ TO_BCD 


89 8WCOD 
PET 


910) 
HlD 


IJ5ER S\'MBOLS 


BCl)COA ;.1£(0) 
KDCOB OOOC 
BCUCOD 0024 
BCDor 
0017 
ClIB(l'סס oo 
COUNT 
0003 
D1lJ'R 
llOO3 
TEI'1P1000'5 
:,'11 
13002 


inter 


The conversion 
of a BCD value to binary is essentially 


the same process as converting a binary value to BCD. 


CONVERT_TQBINARY 


BIN:=O 
COUNT: = DIGNO 
REPEAT 


BCDACCUM: = BCDACCUM • 10 
BIN: = 10 • BIN + CARRY DIGIT 
COUNT: = COUNT - 1 


UNTIL COUNT = 0 


END CONVERT_TO_BINARY 


The only complexity 
is the two multiplications 
by ten. 
The BCDACCUM can be multiplied 
by ten by shifting 
it 


left four places (one digit). The variable BIN could be 
multiplied 
using 
the 
multiply 
algorithm 
already 
dis- 
cussed, but it Is usually more efficient to do this by mak- 


This implies that the value 10 • BIN can be generated by 
saving the value of BIN and then shifting BIN two places 
left. After this the original value of BIN can be added to 
the new value of BIN (forming 5 • BIN) and then BIN can 
be multiplied 
by two. It is often possible to implement 


the multiplication 
of a value by a constant by using such 


techniques. 
Figure 8 shows an 8049 routine which con- 


verts BCD values to binary. This routine differs slightly 
from the algorithm above in that the BCD digits are read, 
and converted to binary, two digits at a time. Protection 
has also been added to detect BCD operands which, if 
converted, would yield binary values beyond the range 
of the result. 


1 $MJ;'OFILE 
2 $INl:UJDE( Fl :CONBIN.HED) 


S .:******************~*********************************************************** 


4 :* 
* 
5 ; * 
CONBIN 
* 


6 ; * 
* 
7 ; *================================================================* 
8 .:* 
* 
9 ; * 
THIS UlILIW 
COtNERTSA 6 DIGIT BCDVAlUETO BINARY 
* 


18 ,* 
AT ENTRY 
* 


11 :* 
RO=POINTERTO A PACKEDBCDSTIIIt-«i 
* 


12 :* 
* 


13:* 
AT EXIT: 
* 


14 ; * 
A = LCMolER 
EIGHTBITS OF THEBINAR','RESULl 
* 


1~ :* 
)if:= tIPPEREIGHTBITS OF THEEINHRYREstl.T 
* 


16 :* 
C = SET IF OVERFLOUELSE CLEARED 
* 


17 .:* 
*' 


18 :*********************'I,·t****H************************************************* 
19 .: 
29 ; 
21 fINClI.JDE(Fl: CONBIN.PDU 


2] ; 
24 ,:1 CONVERT- 
TO_BINAR~' 


25 :1 POINTER9=POINTERll+OIGITPAIR-1 
26 :1 ctUlT =DIGITPAIR 
27 ;1 BIN:=tl 
23 : 1 REPEAT 
29 :2 
sn~'=BIN'-lC 


sf.' ; 2 
BIN:=BIN+I1EI'l(RM7-41 


31 :2 
BIN:=8IN*19 


32 .:2 
BIN.=BIN+l'lEPI(RO)[3-91 


inter 


0006 27 
0007 flA 


0008 1428 
ooeH F62R 


OOOC RD 
סס oo F9 
OOftE 47 
ooeF 539F 
0011 6D 
0012 
2A 
0013 
1399 
0015 
2A 


0016 
F6ZA 


00lB 142B 
00lA 
F62A 


90lC 
RD 


90iV F9 
001E ~,:;9F 
OOZ0 60 
0021 2A 


33 
; 2 
F'OIIlT£~· 
=POINTER9-1 


34·2 
COl.m:=COJlT-l 
35 . 1 lINT!L 
COliNT=0 
36 ,t 
Er«> SON~'ERLTO-BINARY 


33 
. EQlJATES 
~. 
49' 
41 XA 
EQU 
112 
42 CflJlT 
EQlI 
R3 


043 ICNT 
EQU 
114 
44 ; 


45 DIGPR 
EQU 
3 
46 ; 


47 SElECT 


48 SINClUDE( 'F1CJllBIN) 
49 .. 
59 TEl1Pl 
SET 
R5 


51 TEIf'2 
SET 
116 
52 ; 


53 ; 1 CON'r'ERLTO_BINARY 


54 C~IN: 
55' 
1 POINTER0 =POINTEI(9+01GITPAIR-1 
5'5 
rt(l'.,' 
R,R8 


57 
ROO 
A,IOIGPR-1 
58 
PIOV 
1(9. A 


59 ; 1 COllNT:=OIGITPAIR 
69 
m'I 
(;OJlT, tOlGPR 
61; 
1 BIN =0 
62 
eLR 
A 
C 
MOil 
i(A,A 


64 
; 1 REPEAT 


65 CGNBLP. 


66 ; 2 
BIN: =BIII*19 
67 
CfU 
C0N819 
t.B 
IC 
CONSER 
69 
'2 
BIN. =BIN+I1EM(I(9)[ 7-41 


71,l 
11(~1 
TEIf'!' 
A 
71 
"l/JV 
A,~ 


72 
SI-IAP 
R 
73 
ANI.. 
A, .tf H 


74 
ADD 
fl, TEMP1 


;'5 
XCH 
A, XA 
76 
AO!'(. 
fl..100 
77 
XCH 
fl..XA 
73 
..1C 
CONI;EP, 


79 ,Z 
BIN =BIII*1l! 
80 
CALL 
CONB18 


81 
JC 
CONBER 
82 
'2 
BIN =BIN+t1EH(R9H HJl 


3; 
MOV 
TEMP1, A 


f,4 
!'lOll 
fl..~9 


85 
ANL 
A, 19FH 
86 
Aor, 
A, TE~lP1 
87 
XCH 
A, f(A 


inter 


9028 
A[l 


002C 2tl 
802D AE 
002E 2A 


OO"zr 97 
OOj(1 F7 


0031 2A 
0032 F7 
0033 2A 
9034 F646 


0036 F7 
0037 2A 
0033 F7 
9039 2f: 
oo3A F646 


903C 6f! 
003[1 2A 
oo3E lE 
003F 2A 
9040 F646 


9042 F7 
8043 2A 
0044 F7 
9045 2A 


Be 
fI)OC 
A,190 


89 
XCH 
A, XA 
99 
JC 
aU3E1I 
91 ; 2 
POI'ffER9: =POINTER0-1 


92 
DEC 
R8 
93;2 
CCUlT=CIlllT-l 
94 illJllIL 
COltlT=8 


~ 
DJNZ 
ClWT, CON8LP 
= 96; 1 00 C1JNE~T_TO_8IPfmY 
97 COtlBER: IiET 
98 SEJECT 
99 
=1l.4!l 
; 


= 191 
= 192 
= 193 
; 
= 184 C0N818. 
1'lO',' 
= 1(15 
XfH 


= 106 
I'lOV 


= 187 
XCH 
= 1138 
; 


= 109 
= 118 
= 111 


= 112 
=113 
= 114 
= 115 
i 


= 116 


= 117 
= 118 


= 119 


= 128 
= 121 
= 122 


= 123 
= 124 
= 125 


= 126 


= 127 
= 128 
=129 
= 138 
= Hl 
= 132 
= 133 C0N81E 
RET 


= 134 


= 135 
1:<6 
~ND 


IJrILlT'r' 
TO IlllTIPLY 
BIN B\' 113 
CARF.'r'WILL BE SET IF OVERFLOWOCCURS 


TEMP1,A , 
SAVE A 
A, XA 
; 
SAYE XA 
TEI'lP2..A 


A, XA 


A 
A,>~ 


C~lE 


A 


A,XA 


A 


A,XA 


C~lE 


fill) 


XCH 


AOCoC 


XCH 
JC 


A, TEMPl ; 
BIN =6IN*5 


A, \'A 
A, TEMP2 


A·XA 
COtlB1E 
i 
ERRC~ ON OYERFLOW 


A, XA 


A 
A,XA 


USER SYI1BOLS 


CQ/£{18 88.."8 
CON61E 0046 
CQNBER002A 
COIeIN 900e 
CONSLP9008 
COUNT aeB3 
DIGPR 
llll93 
ICNT 
00114 


TEPlPl 
8905 
TEI1P2 00116 
XA 
9002 


inter 


The design goals of the full duplex serial communica· 
tions software were realized; if transmission and recep· 
tion are occurring concurrently, only 42 percent of the 
real time available to the 8049 will be consumed by the 
serial link. This implies that an 8049 running full duplex 
serial 1/0 will still outperform earlier members of the 
family running without the serial 1/0 requirement. It is 
also possible to run this program in an 8048 or 8748 at 
1200baud with the same 42 percent CPU utilization. 


The execution times for the other routines that have 
been discussed have been summarized in Table 1.All of 
these routines were written to maintain maximum use- 
ability rather than minimum code size or execution time. 
The resulting execution times and code size are there· 
fore what the user can expect to see in a real applica· 
tion. The results that were obtained clearly show the ef· 
ficiency and speed of the 8049.The equivalent times for 
the 8048 are also shown. It is clear that the 8049 repre- 
sents a substantial 
performance advantage over the 


8048.Considering, in most applications, that the 8048 is 


the highest performance microcomputer 
available to 
date, the performance advantage of the 8049 should 
ailow the cost benefits of a single chip microcomputer 
to be realized in many applications which up until now 
have required too much "computer power" for a single 
chip approach. 


MPY8 


DIV 16 


CONBCD 


CONBIN 


EXECUTIONTIME 
(MICROSECONDS) 


BYTES 
8049 
8048 


21 
109 
200 


37 
183 MIN 
335 MIN 


204 MAX 
375 MAX 


36 
733 
1348 


70 
388 
713 
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I. PURPOSE AND SCOPE 


This Application 
Note presents a description of the 


design and operation of a high·speed emulator for the 
Intel~ MCS-48™family of single chip microcomputers. 
The HSE-49™emulator provides a simple and inexpen· 
sive means for executing and debugging 8049programs 
which require the full 11·MHz operating speed of the 
part. 


Section II of this Application Note describes some of 
the features of this development tool and how it may be 
used. Section III briefly discusses the hardware used to 
implement these features, while Section IV describes 
the manner in which program execution status Is made 
available to the operator. 


A detailed description of all of the operator commands 
is presented in Section V of this note, along with the 
modifiers and options which may be specified for each 
command. Known restrictions 
and limitations 
of the 


HSE-49system are listed and explained in Section VI. 
Section 
VII shows 
how the basic 
circuit 
may be 


modified to provide options on memory organization, I/O 
configurations, etc. 


Full schematics of the system hardware, as well as 
monitor software listings, are presented in Appendices 
A and B, respectively. A short summary of the command 
syntax is presented in Appendix CO'Appendix D ex- 
plains the error message codes which may appear duro 
ing use. 


It is assumed that the reader is already familiar with the 
operation of the 8048 or 8049 microcomputers. Some 
knowledge of the 8048 architecture is needed to under- 
stand sections of the command and modifier descrip- 
tions. Most users will already have this background. 
Other readers are referred to the MCS·48 
Microcom- 


puter 
User's 
Manua/, 
Intel publication number 9800270. 


In essence, the HSE·49 emulator provides the user a 
means for executing an MCS-48program located in ex· 
ternal RAM rather than internal ROM or EPROM.This 
allows programs being debugged to be modified easily 
and quickly during the debug cycle. A user's program 
may be entered into system RAM either manually or via 
a serial link from a host computer such as an In- 
tellec~ Microcomputer 
Development 
System. 
Once 


loaded, the program can be modified using an on·board 
keyboard and display, and executed in real·time in a 
number of breakpoint modes. The internal state of the 
processor, including RAM, accumulator, timer/counter, 
and status register contents, can also be read and 
modified through the keyboard. 


Breakpoint and debug facilities are extremely f1exibie. 
The following execution modes are provided. 


• Programs may be run in full (11 MHz)real time; 


• Programs may be single·stepped; 


• In break mode, programs run in full real time until 


break occurs; 


• Breaks may be triggered by either program or exter· 


nal data RAM accesses; 


• Any number of breakpoints may be used in any 


combination; 


• "Auto-Step" operation causes the current program 


counter and Accumulator contents to be printed on 
the display for a short time on every instruction 
cycle; 


• "Auto·Break" provides the above display only when 


a break flag is encountered, with real time opera· 
tion otherwise; 


• While running in non·breakmode, a TIL·level pulse 


is generated whenever a break flag is encountered. 
This signal may be used to trigger an oscilloscope 
or Logic Analyzer to assist in hardware and soft· 
ware debug. 


• While running in any mode, the keyboard and 


display are "alive". Execution may be suspended or 
terminated by commands from the keyboard. 


Intent of this Note 


While the HSE-49emulator can assist a new microcom- 
puter user in becoming familiar with the 8048 and 8049 
microcomputers, 
its inherent debug capabilities 
will 


also prove helpful to design engineers. The design 
could be used for new system development and verifica- 
tion or adapted for prototype production. 


The main concern in designing the HSE-49emulator was 
to keep the basic design simple, while maximizing the 
system's 
flexibility. 
The design allows 
the use of 


jumpers, hardware and software switches, etc. to allow 
the user to reconfigure the system according to the way 
he dedicates chip-select pins, I/O,etc. The emulator can 
be changed to fit each user's unique needs, rather than 
forcing the user to alter his needs to what is provided. 


The primary intent of note is to provide the reader with 
the information neededto reconstruct and makefull use 
of the HSE·49emulator. Less emphasis is placed on 
describing how the hardware operates or how the com· 
mands are implemented. This information may be found 
in the schematic diagrams and software listings 
in· 


eluded in the Appendices. 


User Program Emulation 


The actual emulation of the user's program is done 
using an 8039 microcomputer (IC29on the schematics 
in Appendix A) executing a program stored in external 
RAM. The basic minimum configuration 
includes the 


8039 microcomputer, an 8282 address latch (IC19),and 
2K bytes of 2114 RAM to use for program development 
and real-time execution (ICs B1, C1, B2, and C2). Addi· 
tional RAM may be added to allow the user to expand 
his program and data memory to 4K each. (If an 11·MHz 
crystal is used with the microcomputer, type 2114-3 
RAMs must be used.) 


inter 


System 
Supervision 


A second microcomputer - 
another 8039(IC25)with an 


8282 address latch (IC16)and off·chip program memory 
in a 2716 EPROM(IC15)- 
is used to scan the on·board 


keyboard and display, interpret and implement com· 
mands, drive serial 
interfaces, 
etc. In general, the 


master processor is used to interface the execution 
processor's memory spaces with the outSide world and 
control the operation of the execution processor. In this 
note the two processors will be abbreviated "MP" and 
"EP", respectively. Figure 1 shows how the two proc· 
essors interrelate with the rest of the system. 
system. 


Keyboard/Display 


The 33·keykeyboard shown in Figure 2 includes a 16·key 
hexidecimal keypad and 17 special function keys for 
specifying commands and modifiers. Readers already 


familiar with the PROMPT·48™debug tool for the 8048 
will find that 25 of the HSE·49emulator keys are iden· 
tical in function and layout to the PROMPT·48keyboard, 
and use the PROMPT·48command syntax. The eight ad· 
ditional keys are used to generalize and augment the 
PROMPT·48capabilities, as described in Section V. 


The eight·character seven·segment display (051-058) 
is used for displaying addresses, data, and pseudo· 
alphanumeric messages. The display responses printed 
in Section V and throughout this note use a mix of upper 
and lower case letters to indicate what seven·segment 
patterns appear. An 8243 (IC9)and eight DIP packages 
(resistor 
packs, current 
buffers, 
etc.) are used for 


multiplexing the display and scanning the keyboard. 


Breakpoint 
Detection 


Breakpoints are specified and detected using a 2102A 
1Kx 8 RAM corresponding to each pair of 2114s (ICs A1 
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HOST 
COMPUTER 
SYSTEM 
(INTELLEC) 


C 
D 
E 
F 


8 
9 
A 
B 


4 
5 
6 
o 
1 
2 
BI GO/RESET I0 I EXAM/CHA I 8880 
IUPLOAD I 
8DD[] 
ISYS RST I IDNLOAD I 
I CLR/PREV I D8D[J 
BIHARD REG IBB DODD 


Figure 
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and A2). In effect, each program or data address ac· 
cesses a 9·bit word. Eight bits are used normally for 
code or data storage. The ninth bit, accessed in parallel 
with the other eight, is used to indicate if a breakpoint 
has been set for that 
address. This output, 
when 


asserted, is latched (IC27and IC36)and used to halt the 
execution processor via the single·step input. (In other 
modes, the break logic can be reconfigured to set the 
break requested f1ip·f1opon any EP machine cycle or 
any EP "MOVX" instruction.) 


Link Register 


An 8212 8·bit latch (IC18)is used to communicate data 
and commands between the master and control proc· 
essors. Under control of the MP,this register, called the 
"Link" register, may be logically mapped into either the 
program or data RAM address spaces. When this is 
done, the 2114s in the respective memory space are 
disabled 
and the 
link 
responds 
to all 
accesses, 
regardless of address. The link will be discussed in 
greater detail in Section IV. 


Control 
Logic 


In addition 
to the devices 
mentioned 
above, the 


minimum configuration requires about 10additionallCs 
for bus arbitration, system control, and breakpoint and 
single·step logic. Additional parts may be optionally 
added for serial port interfacing, I/Oreconstruction, etc. 


MP Monitor 


The monitor program executed by the MP includes com· 
mands for filling, reading, or writing the various memory 
spaces, including the execution processor's program 
RAM, external ("MOVX") data RAM, accumulator, PSW, 
PC,timer/counter, working registers, and internal RAM; 
to execute the user's program from arbitrary addresses 
in various debugging modes; and to upload or download 
object 
or 
data 
files 
from 
diskettes 
using 
an 
In· 


tellec" development system. No special software is 
needed for the Intellec" other than ISIS Version 3.4 or 
later. The data format is compatible with the standard 
Intel hex file format produced by ASM·4; the baud rate 
may be altered from 110 baud (default state) up to 2400 


baud from the on·board keybad. Blocks of data may be 
transmitted 
to a CRT or printer and displayed in a 


tabular format. 


Program 
Break Sequence 


When the MPdetects that the EPhas been halted by the 
breakpoint hardware, or when the operator presses a 
key while the program is executing, the program break 
sequence is initiated. The low·order 23 bytes of user pro· 
gram memory is read into a buffer within the internal 
RAM of the MP. A short program for reading and 
transmitting internal EP status is written over the low· 
order program memory. (This is one of several "mini· 
monitors" overlayed over the user program area.) The 
link register is mapped logically over the user program 
memory, and loaded with the 8049 machine code for a 
"CALL" instruction to the mini·monitor program area. 
The EPis then allowed to fetch a single instruction from 
the link, Le., the "CALL" to the mini·monitor is forced 
onto the EP data bus. 


From this point on, the EP executes code contained in 
the mini·monitor. The link is logically mapped over the 
data RAM address space (whether or not any 2114data 
RAMs are present). A block diagram of the system at 
this point is shown in Figure 3. The break logic is recon- 
figured so that any "MOVX" (RD or WR) operation ex- 
ecuted by the EP will cause it to halt. 


For example, after entering the first mini·monitor, the 
EP executes a "MOVX @RO,A"instruction. This writes 
the contents of the accumulator prior to the execution 
termination into the link, and causes the EPto halt. The 
MP may then read and retain the link contents to deter- 
mine the EP accumulator value. The EP timer/counter 
and PSWare preserved in the same manner. 


Accessing 
EP Internal 
RAM 


After reading and saving EP internal status, the MP 
loads a different mini-monitor into the same RAM area. 
This monitor allows the internal RAM of the EP to be 
read and written by the MP by passing address and data 


Figure 
3. Communlcetlon 
between 
EP & MP 


All mnemonics 
copyrighted© 
Intel Corporation 
1976. 
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values between the two processors using the link 
register. 


This is needed for two reasons. First, the EP program 
counter prior to the forced "CALL" instruction may be 
derived from 
the 
EP stack 
contents, 
and may be 


modified to cause the EP to resume execution at any 
desired address. Secondly, the internal RAM of the EP 
may then be accessed and modified in the process of 
executing a number of the monitor commands. 


Resuming 
User Program 
Execution 


In order to resume user program execution, a status· 
restoration mini-monitor is overlayed. This restores the 
EP internal status using a scheme analogous to the one 
in which the status was originally saved. The final step 
of the last mini-monitor is an "RETR" instruction, after 
which the EP is again halted. The low·order program 
memory saved earlier is rewritten into the appropriate 
area, the break logic is reconfigured for the desired ex· 
ecution mode, and the EPis released to run at full speed 
until the next break situation is encountered. 


Note 
that 
all 
commands 
are 
implemented 
using 


"logical" 
rather than "physical" 
addressing. Thus the 


operator need not be concerned with the intricacies of 
the system design. For example, when any monitor com- 
mand refers to low-order user program memory, the ap· 
propriate byte of storage within the MP internal RAM is 
accessed instead. If the location is altered, the internal 
RAM is modified appropriately. When program memory 
is reloaded prior to resuming user program execution, 
the modified version of the user program will be the one 
loaded. 


Baud 
HR06 
HR07 


110 
93H 
04H 


150 
96H 
03H 


300 
45H 
02H 


600 
90H 
01H 


1200 
44H 
01H 


2400 
1AH 
01H 


V. 
HSE·49 
COMMAND 
DESCRIPTION 


Whenever the characters "HSE·49" are present on the 
system display, a command string may be entered by 
the operator. In general, all command strings consist of 
a basic 
command 
initiator, 
an optional 
command 


modifier or type-designator, and a number of parameters 
or delimiters entered as hexidecimal digits. A command 
is executed, or a command in progress terminated, by 
pressing the [END/.] key. Logical default values are 
assumed for the modifier and parameters if either (or 
both) are omitted. A defuatt parameter assumed for the 
command modifier will 
be presented on the display 


when the first parameter is entered. 


Each parameter is a string of up to three hexidecimal 
digits. If more than three digits are entered, only the 
most recent three are considered. This allows an er· 
roneous digit to be corrected without respecifying the 
entire command. A parameter is completed by pressing 
the [NEXT/,] key. Some commands may only need the 


low order part of a parameter; i.e., a command incor· 
porating a data byte (such as [FILL]) will use only the 
low-order 8 bits of the corresponding parameter; Inter· 
nal RAM and hardware register addressing uses only 
seven. In each case, higher order bits are ignored. 


A Command string is terminated and the command in· 
voked by pressing the [END/.] key. The command will 
also be invoked by pressing the [NEXT/,Jkey when no ad· 
ditional parameters are allowed. A command string may 
be aborted at any point before the command is invoked 
by pressing the [CLEAR/PREV] key, and the sign-on 
message will appear. 


Errors 


An illegal command string, command terminator, or 
hardware failure will cause an error message and error 
code number to appear on the display (e.g., "Error·.3"). 
When this occurs, the monitor can be returned to com· 
mand mode by pressing the [CLEAR]or [END/.]keys. An 
explanation of the various error codes is given in Appen· 
dix D. 


Command 
Classes 


Commands for the HSE·49 emulator are divided into 
general classes, where all commands in each class have 
the same choice of options or modifiers. A brief descrip· 
tion of each command, followed by a description of the 
allowed options, is presented below by class. 


Data Manipulation/Control 
Command 
Group 


Commands: 


[EXAM/CHA] 


Display Response - 
"ECh." 


Function - 
Examine/change memory location. 


Causes the memory address specified to be read 
and presented on the display. New data may be 
entered (if desired) from the hexidecimal keypad. 
New data is verified 
before appearing on the 


display. Subsequent or previous locations may be 
read by pressing the [NEXT/,] or [PREY] keys, 
respectively. 
Command terminated 
with 
[END/.] 


key. 


[FILL] 


Display Response - 
"FIL." 


Function - 
Fill range of memory addresses with a 


single data value. 


Fill the appropriate memory space between the ad· 
dresses specified by the first two parameters with 
the low·order byte of the third parameter. If second 
parameter 
less 
than 
first, 
only 
the 
location 


specified by the first is affected. II third parameter 
omitted, 
zero is assumed. If second and third 


parameters omitted, individual address specified is 
cleared. Command is useful for setting a large 
range of breakpoints; e.g., all of page 3 may be 
enabled for break with the command: 


[LIST) 


Display 
Response 
- 
"LSt." 


Function 
- 
List 
memory 
to output 
device 
through 


HSE-49 serial 
port. 


Display 
the contents 
of a range of addresses 
given 


by two 
parameters 
to a teletype 
or CRT screen. 
Data is formatted, 
16 separated 
bytes per line, with 


the starting 
address 
of each 
line 
printed. 
If used 


with 
an Intellecl!> system, 
the 
operator 
first 
uses 


ISIS·II to transfer 
the TIY 
input 
to the CRT output 


("COPY 
:TI: TO :CO:") then 
invokes 
this 
command 


from 
the keypad. 
Alternatively, 
any 
ISIS device 
or 


disk 
file 
name(:TO:, 
:LP:, :Fl:HRDREG.SAV, 
etc.) 


may be used as the destination. 


[DNLOAD) 


Display 
Response 
- 
"dnL." 


Function 
- 
Download 
memory 
through 
HSE-49 serial 


port 


Load data in hex file format 
through 
the serial input 


port. 
If used 
with 
Intellecl!> system, 
the 
operator 


first 
invokes 
this 
command 
from 
the keypad, 
then 


uses 
ISIS-II to transfer 
a disk 
file 
to the teletype 


port ("COPY: 
Fn:file.HEX 
TO :TO:"). 


The use of the 
checksum 
field 
for the download 


command 
is expanded 
slightly 
over the 
Intel 
hex 


file 
format 
standard. 
If the 
first 
character 
of the 


checksum 
field 
is 
a 
question 
mark 
("?"), 
the 


checksum 
for that 
record 
will 
not be verified. 
This 


allows 
large object 
files produced 
by the assembler 


to be patched 
using the ISIS text editor 
without 
the 


necessity 
of manually 
recomputing 
the checksum 


value. 


[UPLOAD) 


Display 
Response 
- 
"UPL." 


Function 
- 
Upload 
memory 
through 
HSE-49 serial 


port. 


Output 
the 
contents 
of 
a 
range 
of 
addresses 


specified 
by 
the 
two 
parameters 
through 
the 


HSE·49 serial 
port in standard 
Intel hex file format. 


If 
used 
with 
Intellecl!> system, 
the 
operator 
first 


uses 
ISIS·II to transfer 
the TTY input 
to a disk 
file 


("COPY 
:TI: TO 
:Fn:file.HEX"), 
then 
invokes 
this 


command 
from the keypad. 


Data types allowed: 


[PROG MEM] 


Display 
Response 
- 
"Pr." 


Function 
- 
User program 
memory. 


Memory 
used to develop and execute 
user program. 
Addresses 
000 through 
7FF are the execution 
proc· 
essor's 
memory 
bank 
0; 
800 
through 
FFF 
are 


memory 
bank 1. 


[REGISTER) 


Display 
Response 
- 
"rG." 


Function 
- 
Register 
memory 
and RAM. 


Internal 
RAM 
of 
execution 
processor. 
Locations 


0-7 are working 
register 
bank 0; 18-1 F are working 
register 
bank 1. Only the low-order 
7 bits of an ad- 


dress are considered. 


[DATA 
MEM) 


Display 
Response 
- 
"dA." 


Function 
- 
External 
data memory 
(if installed). 


Memory 
accessed 
by execution 
processor 
"MOVX 


A,@Rr" 
or "MOVX 
@Rr,A" 
instructions. 
High·order 


4 bits 
r .ay or may not 
be relevant, 
depending 
on 
jumpering 
option 
selected 
(explained 
in Section 
VII 


of this 
note). 


[HARD 
REG) 


Display 
Response 
- 
"Hr." 


Function 
- 
Hardware 
registers. 


The execution 
processor 
(EP) hardware 
registers 


(accumulator, 
timer/counter, 
etc.), 
as 
well 
as 
several 
parameters 
for controlling 
HSE-49 system 
status, 
are 
accessible 
through 
this 
catch-all 


memory 
space. 
Addresses 
are as follows: 


00 - 
EP accumulator. 


01 - 
EP PSW. 
Bits correspond 
to 8049 PSW except 
that 
bit 


3 (unused 
in the 8049) is u.sed to monitor 
and 
alter 
the state 
of Fl. 
Bits 
2-0 correspond 
to 


the stack 
pointer 
value after the EP executes 


a CALL 
to the mini-monitor; 
i.e., one greater 


than 
when 
EP was 
running 
the 
user's 
pro· 


gram. 


02 - 
EP timer/counter. 


03 - 
EP internal 
RAM location 
00. 


(This 
value 
is 
also 
accessible 
through 


[REGISTER) 
space.) 


04 - 
EP program 
counter 
(low byte). 


05 - 
F.P program 
counter 
(high 
nibble). 


06-07 
- 
HSE-49 serial 
interface 
baud rate param- 


eters. 
Defaults 
to 110 baud; other 
rates may 


be selected 
by loading 
the values 
listed 
in 
Table 
1. 


08 - 
HSE-49 
automatic 
sequencing 
rate 


parameter. 
Used 
in 
[GO)[AUTO 
STP) 
and 
[GO)[AUTO 
BRK) execution 
commands. 
00 - 
fastest; 
FF - 
slowest. 
Defaults 
to 20H; ap- 


proximately 
two steps 
per second. 


09 - 
Monitor 
version/release 
number 
(packed 


BCD). 


(lA-OF - 
Currently 
unused by the monitor 
program. 


10-7F 
- 
Variables 
used by master 
processor 
(MP) 


monitor. 
Should 
not be altered 
by operator. 


[PROG BRK) 


Display 
Response 
- 
"Pb." 


inter 


Function - 
User program breakpoint memory. 


Memory space used to indicate points where pro- 
gram execution should halt when running in a mode 
with 
breakpoints 
enabled 
([GO][W/ BRK) and 


[GO)[AUTOBRK)).Breakwill occur if enabled byte is 
read as the first or last byte of a 2-byte instruction, 
or read in executing a MOVP, MOVP3,or JMPP in- 
struction. Memory is only 1 bit per location; 00 in- 
dicates continue, 01 causes a halt. Addresses 000 
through 7FF are the execution processor's memory 
bank 0; 800 through FFF are memory bank 1. 


[DATA BRK] 


Display Response - 
"db." 


Function - 
External data RAM breakpoint memory. 


Memory space used to indicate points where data 
accesses should halt when running in a mode with 
breakpoints 
enabled 
([GO](W/ 
BRK] 
and 


[GO)[AUTOBRKJ).Memory is only 1 bit per location; 
00 indicates continue, 01 causes a halt. High-order 
4 bits of breakpoint address mayor may not be rele- 
vant, dependent on jumpering option selected for 
the corresponding data RAM (explained in Section 
VII of this note). 


User Program Execution Control Group 


Commands: 


[GO] 


Display Response - 
"Go." 


Function - 
Begin execution. 


If a parameter is given as part of the command 
string, execution will begin at that address. Other- 
wise, the EP program counter (hardware registers 
04 and 05) will be used. These will contain the pro- 
gram counter from an earlier program execution 
break 
unless 
they 
have since 
been explicitly 


modified by the operator. 


If command is terminated by [END/.], the EP's F1, 
PSWand stack pointer will be cleared. If command 
string is terminated by [NEXT/,],PSW will be taken 
from the EP PSW contents (hardware register 01). 


While running the user's program, the characters 
"-run-." 
are written on the display. Execution may 


be halted and another command initiated by press- 
ing the appropriate command key. Execution may 
be suspended at any time in any mode by pressing 
the [END/.] key. This will cause the current value of 
the execution processor program counter and ac- 
cumulator to appear on the display in the form 
"PC.234-56". 
System 
status 
is 
saved 
in 
the 


appropriate hardware registers. At this point, or 
when an enabled breakpoint is encountered, press- 
ing the [NEXT/,]key will cause the program to con- 
tinue in the same mode as before. Any other com- 
mand may be invoked by pressing the appropriate 
command string. 


[GO/RESET) 


Display Response - 
"Gr." 


All mnemonic. 
copyrlghted©lnte' 
Corporation 
1976. 


Function - 
Go from reset state. 


EP is hardware-reset and released to execute the 
user's program from location OOOH.No parameters 
are allowed. FO, F1, PSW, stack printer, memory 
bank flip-flop, etc., are cleared. 


Note that this command does not require the use of 
mini-monitors to initiate program execution. As the 
last phase of the program development cycle, the 
2114 program RAMs and address decoder may be 
removed and replaced by a ROM or EPROM part 
(not shown in schematics). This command may be 
used to start execution when the program RAMhas 
been removed. No interrogation of EP status or in- 
ternal RAM may be done, nor are break or single- 
step modes allowed in this case, though the 2102A 
breakpoint RAMoutputs may still be used to trigger 
a logic analyzer. 


[NO BRK] 


Display Response - 
"nb." 


Function - 
Without breakpoints. 


Full-speed execution without breakpoints enabled. 
Does 
not 
affect 
the 
state 
of 
the 
breakpoint 


memories. 


[SING STP) 


Display Response - 
"SS!." 


Function - 
Single Step. 


Step through program one instruction 
at a time. 


After each instruction is executed, execution halts 
with the current value of the Execution Processor 
Program Counter and Accumulator appearing on 
the display in the form "PC.234-56". System status 
is saved in the appropriate Hardware Registers. At 
the point, [NEXT/,] will cause the program to ex- 
ecute one more instruction, or any other command 
may be invoked by pressing the appropriate com- 
mand string. Does not affect the state of the Break- 
point Memories. 


[WI BRKI 


Display Response - 
"br." 


Function - 
With breakpoints. 


FUll-speed execution 
with 
breakpoints 
enabled. 


When a breakpoint is encountered, execution halts 
with the current value of the execution processor 
program counter and accumulator appearing on the 
display in the form "PC.234-56". System status is 
saved in the appropriate hardware registers. At this 
point, [NEXT.,] will cause the program to continue 
until the next breakpoint is reached, or any other 
command may be invoked by pressing the ap- 
propriate command string. 


[AUTO STP] 


Display Response - 
"AS!." 


Function - 
Automatically sequence through a series 


of instructions. 


inter 


Step 
through 
program 
one 
instruction 
at a time. 
After 
each instruction 
is executed, 
execution 
halts 


with 
the current 
value of the execution 
processor 


program 
counter 
and accumulator 
appearing 
on the 


display 
in the form 
"PC.234-56". 
System 
status 
is 


saved in the appropriate 
hardware 
registers. 
Execu- 
tion 
resumes 
after 
a time 
determined 
by contents 


of hardware 
register 
08. Does not affect 
the state of 


the breakpoint 
memories. 


[AUTO BRK] 


Display 
Response 
- 
"Abr." 


Function 
- 
Automatically 
sequence 
between 
break- 
points. 


Execute 
a 
series 
of 
instructions 
in 
real 
time 


between 
breakpoints. 
When 
breakpoint 
is 
en- 


countered, 
halt 
EP 
temporarily 
while 
program 


counter 
and 
accumulator 
contents 
are displayed, 


then continue. 
Display 
is sustained 
after execution 


resumes. 
Does 
not 
affect 
the state 
of the 
break- 


point 
memories. 


Breakpoint 
Control 
Command 
Group 


Commands: 


[B] 


Display 
Response 
- 
"Stb." 


Function 
- 
Breakpoint 
set. 


Set 
breakpoint 
for 
the 
address 
given. 
Multiple 


breakpoints 
may be set by entering 
additional 
ad- 
dresses, 
separated 
by the [NEXT/,] key. Command 


terminated 
by pressing 
[END/.]. Action 
taken 
is to 


fill 
the 
appropriate 
breakpoint 
memory 
locations 


with 
logical 
ones. 


[C] 


Display 
Response 
- 
"CLb." 


Function 
- 
Clear breakpoint. 


Clear 
breakpoint 
for 
the 
address 
given. 
Multiple 


breakpoints 
may be cleared 
by entering 
additional 
addresses, 
separated 
by 
the 
[NEXT/,J key. 
Com- 
mand terminated 
by pressing 
[END/.]. Action 
taken 


is to fill 
the appropriate 
breakpoint 
memory 
loca- 


tions 
with 
logical 
zeroes. 


Data types 
allowed: 


[PROG MEM] 


Display 
Response 
- 
"Pr." 


Function 
- 
Break on program 
memory 
fetch. 


Applies 
command 
to 
the 
program 
breakpoint 


memory 
space. 


[DATA MEM] 


Display 
Response 
- 
"dA." 


Function 
- 
Break on data memory 
access. 


Applies 
command 
to the external 
data breakpoint 


memory 
space. 


System 
Control 
Command 
Group 


Command: 


[SYS RST] 


Display 
Response 
- 
"HSE-49." 


Function 
- 
System 
reset. 


Reset both the MP and EP and clear all breakpoints 
(requires 
approximately 
one second). 
CAUTION 
- 


If reset 
while 
EP is executing 
the user's 
program, 


the low order section 
of program 
memory (about 23 


bytes) will 
be altered. 


In designing 
the HSE-49 emulator, 
certain 
compromises 


were made in an attempt 
to maximize 
the usefulness 
of 


the emulator 
while 
keeping 
the circuitry 
simple 
and in- 


expensive. 
As a result, 
the 
following 
limitations 
exist 


and must be taken into account 
when using the system. 


1. As explained 
in Section 
IV, user program 
execution 


is terminated 
(by single-stepping, 
breakpoints, 
press- 


ing 
the 
[END/.] 
key, 
etc.) 
by forcing 
the 
execution 


processor 
to execute 
a "CALL" 
instruction 
to 
the 


mini-monitor. 
This 
uses 
one 
level 
of 
the 
EP 


subroutine 
stack. 
The EP PSW reflects 
the value of 


the 
stack 
pointer 
after 
processing 
this 
CALL. 
As a 


result, 
the value indicated 
for stack depth by examin· 


ing the EP PSW (hardware 
register 
01) is one greater 


than the depth when the break was initiated. 
The user 


program 
must 
not be using 
all eight 
levels 
of stack 


when a break is initiated 
or the bottom 
level will 
be 


destroyed. 


2. User program 
is initiated 
(by the [GOI command 
or 


when 
resuming 
execution 
after 
a breakpoint, 
single- 


stepping, 
etc.) 
by 
forcing 
the 
EP 
to 
execute 
an 
"RETR" 
instruction. 
This will 
clear the EP interrupt· 


in-progress 
flip-flop. 
If the user program 
allows 
both 


external 
and 
timer 
interrupts 
to be enabled 
at the 


same 
time, 
care 
must 
be taken 
to avoid 
causing 
a 


break 
while 
the 
EP is within 
an interrupt 
servicing 


routine. 
No 
limitation 
is placed 
on 
breakpoints 
or 


single-stepping 
in the background 
program 
because 


of this. 


3. When the user program 
execution 
is terminated 
(by a 


break, 
single-stepping, 
etc.) and 
later 
resumed, 
the 


EP timer/counter 
is restored 
to its 
value 
when 
the 


break 
occurred 
(unless 
modified 
by the 
user). 
The 


prescaler, 
however, 
will have changed. 
Thus, up to 31 


machine 
cycles 
may be "lost" 
or "gained" 
if a break 


occurs 
while 
the timer 
is running. 


4. Timer interrupts 
occurring 
at the same time as an EP 


break 
may be ignored 
if 
the timer 
overflow 
occurs 


after 
breaking 
user 
program 
execution 
before 
the 


timer 
value is saved. 


5. The 8049 "RET" 
and "RETR" 
instructions 
are each 


l-byte, 
2-cycle 
instructions. 
During 
the second 
cycle 


the 
byte 
following 
the return 
instruction 
is fetched 


and ignored. 
If a program 
breakpoint 
is set for a loca- 


tion following 
a "RET" 
or "RETR" 
instruction, 
a break 


will 
be initiated 
when the return 
is executed. 


inter 


current-loop 
or RS-232C current 
buffers, 
but not both at 


one time. 


6. Breakpoints 
should 
not be placed 
in the last 3 bytes 


of an EP memory 
bank (locations 
7FDH-7FFH 
and 


OFFDH-OFFFH). 
User program 
should 
not be single- 
stepped 
or auto-stepped 
through 
these 
locations. 


7. Since 
I/O configuration 
is determined 
by external 


hardware 
rather than software, 
I/O modes may not be 


altered while a program 
is executing. 
(See Section 
VII 


for further 
details.) 


8. The 
"ANl 
BUS,#nn" 
and 
"ORl 
BUS,#nn" 
instruc- 


tions 
may not be used in the user program, 
as exter· 
nal 
hardware 
cannot 
properly 
restore 
these 
func· 


tions. 


9. The memory 
bank select 
flag is not affected 
by the 


user program 
break sequence. 
Upon resuming 
execu- 


tion 
with 
the [GOI command 
this 
flag will 
remain 
in 


the 
same 
state 
as before 
the 
preceding 
break. 
The 


flag 
may 
be 
cleared 
only 
by 
executing 
the 


[GO/RESET] 
or [SYS RST] commands. 


VII. 
HARDWARE 
CONFIGURATIONS 


A number of control 
and status 
lines are available 
to the 


user. 
All 
are 
low-power 
Schottky 
TTl-compatible 


signals. 


TP1 - 
Unused 
MP input. 


TP2 - 
Unused 
MP output. 


TP3 - 
User program 
suspended. 
low 
when 
EP run- 


ning 
user 
code. 
High 
when 
halted 
or running 
mini· 


monitors. 


TP4 - 
Breakpoint 
encountered. 
Normally 
low. High- 


level pulse generated 
when breakpoint 
passed. Useful 


for triggering 
logic 
analyzers, 
oscilloscopes, 
etc. 


TP5 & TP6 - 
Memory 
matrix 
mode 
control. 
Select 


program 
vs. data RAM, link 
mapping 
configuration, 


etc. (See Appendix 
B for details.) 


TP7 - 
Bus control. 
low 
when 
MP controls 
common 


memory 
buses. 
High 
when 
EP 
controls 
memory 


buses. 


The HSE-49 emulator 
hardware 
is designed 
to allow 
the 


user to reconfigure 
the system 
for a wide variety 
of dif- 


ferent 
applications 
by 
installing 
or 
removing 
jumper 


wires 
or additional 
components. 
The schematics 
in Ap- 
pendix 
A show 
the components 
needed 
for a variety 
of 


different 
configurations. 
In 
general, 
not 
all 
of 
the 


devices 
are required 
(or allowed) 
for anyone 
configura· 
tion. The devices 
which 
are required 
are included 
in the 


following 
description. 


The types 
of 
options 
allowed 
are divided 
below 
into 


several 
general 
classes 
and subdivided 
into 
mutually· 


independent 
features. 
Within 
some 
of these 
features 


there are numbered, 
mutually 
exclusive 
configurations; 
I.e., 
the 
serial 
interface 
(if 
desired) 
may 
use 
either 


Standard 
Operating 
Configuration 


(Minimum 
system 
configurations 
- 
up to 4K program 


RAM; no data 
RAM; no serial 
interfaces; 
no execution 


processor 
I/O reconstruction.) 


A. Basic 2K monitor 
from Appendix 
B: 


Install 
resistors 
R4-R6 
Install 
transistor 
01 
Install 
crystals 
Y1- Y2 
Install 
capacitors 
C5-C38 
Install 
switches 
S1-S33 
Install 
displays 
DS1-DS8 
Install 
IC1-IC2 
Install 
RP3-RP5 
Install 
IC6-IC7 
Install 
RP8 
Install 
IC9 
Install 
IC15-IC20 
Install 
IC25-IC30 
Install 
IC34 
Install 
IC36-IC38 
Install 
A1-A2 
Install 
B1-B2, 


Install 
C1-C3 
Install 
jumpers 
13-15 
Install 
jumpers 
17-18 
Install 
jumper 
20 


B. Expansion 
2K monitor: 


Install 
IC14 
Remove jumper 
17 


Serial 
Interface 
Buffer 
Selection 


A. Current 
loop 
serial 
interfaces 
(4N46s) 
installed 
for 


use 
with 
full 
Intellec'" 
Model 
800 
development 


system 
TTY port. 


Install 
IC21-IC22 
Install 
resistor 
R1-R3 
Install 
jumpers 
4-9 
(Remove 
RS-232 jumpers) 


B. RS-232C serial 
interfaces 
(MC1488 
and MC1489) in- 


stalled 
for use with 
CRT as but put device 
for data 


dumps: 


Install 
IC23-IC24 
Install 
jumpers 
1-3 
Install 
jumpers 
10-11 
(Remove current-loop 
jumpers) 


External 
Data RAM Address 
Decoding 
Scheme 
for Ex- 


ecution 
Processor 


A. Up to 
16 pages 
of on-board 
external 
data 
RAM 
in- 


stalled 
for execution 
processor 
(addresses 
0 through 


inter 


OFFFH = 4K bytes); port 2 used for addressing pages 
o through 15: 


Install jumpers 21-25 
Install jumper 27 
Install A5-A8 
Install B5-B8 
Install C5-C8 


B. One page of on·board external data AAM installed 


for execution processor (addresses0 through OFFH); 
port 2 not used for data addressing: 


Install jumper 26 
Install jumper 28 
Install A5 
Install B5 
Install C5 
Connect the outputs of 1C20,pins 7, 9, 10, & 11to 
the inputs of a 74lS21 AND gate (not shown). Con· 
nect the output to CE and CS inputs of A5-C5. 
(Note: these signals are all present at jumpers 
21-24 on the schematics.) 


(1) Using P23-P20 for latched output data (used with 
"OUTl 
P2,A", 
"ANl 
P2,#data", 
and 
"OAl 


P2,#data" instructions): 


Install IC31 


(2) Using P23-P20 for interfacing to an 8243in user's 
prototype: 


Connect 03-00 
pins on IC31 socket to cor· 


responding 03-00 
pins. 


(1) Use of 
BUS as latched output 
port ("OUTl 


BUS,A"): 


Install IC32 
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======== ======= 
49 .; 
'5ll; 
THE EMllATOR OCSIGN I.r::;ESTIlJ "I CRQ-~'OCESSQR!;. OlE PROCESsal wn ro.s 
51; 
S••., TEJ'ISTRT!X·· I~TERF'RETSI1ONITORCOI1IfH)S. IN) COI1IUlICATlS 
~ 
; wml 
TUE f)lJrSlOC IolORLD TI~vJ6H 'flE ON-1m'll 
Kf.VEnf!l). DI!.t'lt'lV. 
~Ifl. 


S1; 
INIH'fAC[S, 
CONTROl.simas. 
ClC. 
54; 
f1 TCiH PP(JC(;;S()f.' IS uS[~ TO flCTlK1LLV 
~5 : [),'CCUTETilE IJ~R'S 
PROI'JRfllU'lDER THE.CONT~1l.Of TIE Fll<~T. 


56 : THEil PIo!OCESSORSlirE RErERR£D TO 


~7: 
H1ROI.IGlIOUT"THISrRlJ.•o;m IlS Tf( If1STEk PIlfJl:SSIJ: 
(1'1') 1"lNli EXIl.umw 
58 : PlIOCESSor ([1'\ PE·I'[CTI'.'[L \'. 
S~ . 
~O; 
mE I'{;'(lGRR"I~ nas 
LISTING IS EXf.CU1EI)b'\' H:L I1fISTERPROCb50R 
61 . AT rill 
[Ill" Cf TillS LISTING ~C ~ll/HR<..IIOHT'J1INI-'J'IONIlOR OYE:f..tA'l'S· 
62: 
WInCH '!l[ 
CXlCIJTlONPROCESSORCXECUTESIoiIE:NI~TI]M.;lION 
BET~EN 111; 


(,J: 
1WOPf1OClSSOPS is tj[('C5SI~V 
64 ; 
6~,: 
HilS 
ProGRflM i.IRS!4!1ITTCNUSING R PUU:R 
01 i'f1(l~ 
TO HfIN)l[ 
ilL ALLOCflTlON 


6C : f)F !'If'!Jf>ESOlJpCES(I¥JPKING REGISTERS, lNTERNfit.RAI'f. fiND I1P IQlHOO 
~'Q1 
67 : nJf:' CODEf:NDDRTASTORr,r'JD 
TlIESE MACJo..'O 
DEfINIT ION~ fIRE INCLOOlD IN A tlLf. 


68: 
NAI'[[) 'ALLOC MflC·' fINDIlRE f'~'HlTED IN nas 
LlSTII«i 
Fll" REf[RENCE. 


(;9 : RNOTIIERSET OF MIler,os 15 laD 
TO SIi'lf'LIi-'1 THE riCCES~INGOF 't'ARIOOlES 
(l) . ST~ED 
IN I~TERml 
RHM<RS OI"PO~EDTO ~ING 
~Eul:'TERS) 
bOY USING R1 TO 


71 : IN(lIRt:CTL? f)l)D~ESS HIE flpPl<orRifiTE RflMLOCATIiJi lHN 
N£ClSSARY. 


72 . lIllSE 
l'lPOU'05 
ARE INCUJOCDIN ·J'IOI'COD.me", 
(;00 ORE 11LSOPRINTf.D 1£1<£.. 
n ; COMPLETElINOErSTl1IlDWGor TilES[ J1AC1<'liSIS ~T 
REOOIREDTO lKllRSTAt«> THE 


74. 
I'IOIlTTORrror'ER. 
f:LL LINES WHICHACTlIAIH PRODUCEOBJECT l;0D[ ffff;fJ: 
IN 
75 
THE LISTING mELF, 
lND[NTEDTWOSPRCES rf<O!'lrHE NORI'f:LTfillULAlIiJi CIl.t.JIlS. 


;'6 : lll£ 11C1I.N1lIUIt;'OR PROO~:l1 For. TllO: f.I1IJlil1ORllEGINS nr ~1'f'~'OXII'IATEL~' 
(7: 
SOI.IRCELINE NUM£:ERSOl) 
(8: 
~9 : lWES 
GHlErnrm 
13','MACRODWANSIOti fiRE fLRGGED1)',' A PLUS SIGN ('+") 
~0 : 1!'IMl~H1TEL'1FOLLOW"" TI~ESOWCl LINE. N1J1'l1jER 
131.: A NI.m::R or LINES rROM HiE IIf':RIOI.J51'lACR0DEFiNITI(»6 
WHICH00 NOT 
82: 
PPODUCEIlIf,' OB]ECT ('OOCARE pROCESSEDB~' HIE Assr;MelER 
BJ . f(, THESE MflCROSARE EXPflNDlD. WilENnns 
IS HI[ CASE, THESELINES ARE 


r,4 ; ~.IJPf'RESSEDrROJ'l HIE LIST rILE. 
o'J5 '1 RESUL1, filE LINE NJIlEI:S M 
as 
: NOl nUlA','S COtlSf.CUTlVEWHERE~ MflCROIS BEING lNYa(ID. 


8{: 
OOTE: 
w; 


G9; 
'SI:U11X-L1NE' 
REFERS TO Tll 
DECUIt 
IUl:t."RS LEfT (J' tfUI 
lNSTR\J(;TION. 


99; 
AT TIlE END OF TIll LISTlI«i 
IS fiN flSS::.IIlLI' ().'OSS··REFERENXTfU.f. lOOICInING 


!11 ; 11£ S(Ql[NTlIlL 
~I)I.m-UNE 
IUlBEI< IX' ALL INSTAtaS 
WHl~ tfN I/ff(IflBLE 
92: 
IS DEFH£D r)l<~ RErEREN:ED. 
THIS WILL BE or GRlAT flSSlSIAIa 
IN 
n 
; LOCAlINO SPECIFIC 5UBROUTlNE$, ETC. IN HIE LISTING. 
94: 
95; 
I'I£I1ONlCS COr','RIGHT ,C) 
1976 INTEL IXWi:PORflTIiJi 
96 ; 


inter 


98$ 
99 ?fIl 


= 100 ; 
= Hll 
'!ROO 
EQ\.I 


= 10. 
c'Rlll 
EQU 


= t~J ?RAIl 
EOO 


: 104 "Corr~T [QlJ 
= 1135?fl 
[00 


= 1%; 
: 197 , TIlE m.llllII¥.i 
INIllflLl2tS 
THELINKEIiLIST POIN1ERSflJ< 


= 198 ; 1HE REGISTERAlLOCATI~ Rill DEft..LOCf:T1lJlROOTlt£S. 
= 199 ; 
= 119?00R2 
~T 


= 11!?l1eRJ 
S[~ 


= 112 'JB9R4 
=lB~ 
= 114 ~130R6 
= 115 ?Bllf7 
= 116 . 


= 117?E8PNT 
5£T 


= 11(: i 
= 119 ~-'BIR2 
: 
129 ?B1RJ 


= 121 ?BIF4 
= 122 "CIR5 
= 12J "B1re 
= 124 ?C1kl 
= 
1.:"'5 
; 
: 126 ?I31PNT SET 
= 127 ; 
= 128 0ffi'00 
SET 


= 129 001'G1 
SE1 
= 139 ORGl'G2 ~T 
= BtlJWGJ 
~T 


= 132 0RGf'G4 
~olT 


= B3 
ORfJl't.5 
Sl;1 


= B4 (J;GPG6 SET 


= BS 
1l1Gf'G7 
SET 


= 136, 


= m $£KCT 


1'fiIJ(,f 
( .~iJ.P.LLOC./IlC) 
SfT 
I) 


999H 
1ll9H 


2ll9I1 
.s0l!H 


400II 


59811 


689H 


79911 


= 138 ,t*,~*,,*.,****,,****.,*************j.***~,****.,~*.****-******* 
= 139 : 
= 140 ; 


= 141 ; 


= 142 .'*****.'**,'.'********""'.'***************'.'*********** 
••*.-**** 
= 14? .; 
= 144 
','RSfilr'[ 


= 14~, IF 
=146 


= 147 
= 148 WOlF 
= 149 r 
SAVE GEN 


= 150 
S\'I1ro.. 
5(T 
R&f'NTYP.L 


= 151 f 
RESTORE 
= 152 
~B~[:nNK&PIIT 
= 15? 
[11>11 


= 154; 


= 151.;':I'1IttlX SET 


= 157 .' 
= 158 ?M'"~ 
= 159 $ 
=160 
= 161 $ 
= 162 ?f'IINI)X 


= U;3 EIV! 
= 1(.4, 


= lC5 
MEJlOCI( 
/'!ACRO 


= 1G6 ?&~••'MBCt. 
= 167 
?MSAVE 


= If,B EPI)IlI 


= 169 ; 
= 170 O[CLfJRE I1r.CRO 
5~'IIlOLTYf'l 


= 171 
?&S~'MBOI. 
SET 
')&T','P£ 


= 172 
IF 
~&T'r'PE EQ 2 


= 173 
"'MSfNE 
5~':1BOL1, t.mINI)X 
= 1/4 
EXITt1 


= 175 ClIDIF 
= 176 IF 
=177 


= 178 
= 179 [NOIF 


= 100 IF 
= 181 
= 182 
= 183 ENOlf 
= 134 
= 1G5 • 


Mf1CRO 
~,\'!BOt.., BANK, PNT.,.,1L 


f'NT't'lll 
f:l} 8 
[J~W 
2 


EXIT'" 


Mr.CRO 
SYIIEOL, LENGTI1, A()I)R 


S1lYE (;EN 


S','I'1OOL EQlJ 
flOOR 


RESTORE 
• 


~:n 
~'IIIttlX1L[NGTH 


S~'IGJI.,L[NGTfI 


EQlJ 
:> 
5~'IlIJOLLENGTH,;:?IlINDX 


')&m'[ 
EQ 9 
?l<5nvr: 
S'r'IlBOI.. 9, t.?f30F'Nl 


EXITI1 


?&TI'P[ 
[Q 1 


?R<'.1M 
S~'1ll0L 1, t.?()lPNT 
EXI~ 


= 187 -' 
= iCe; 
P.C~G 
HAem 
TO RESCT TIE INSl Rt.tTlCM LOCIlTll»l CWlTl~ 


= 1!)~ -' 
TO Tht 
ni<:ST rREt 
LOCATIl»l l»l TIlE FIRST Pffi£ 
1lOOll[ 
WILL 


= 190 -' 
FIT WIlHIN 


= 191 RE(J:fJ 
I'IACro LOOlT!ON 


= 1T. 
f.S/W[ GEN 


= 193 
ORG 


= 194 m:STORE 
= 1~ 
EII)/I 


= 1%, 
= 197 -'COOCGLK 
rKRO 
TO ru«l 
fl rffi[ 
or 
m1 


= 1913 ; 
1Il1Cl1 mls 
BLOCKor 
Cf"« 
WILL FI1 
WITHIN 


= 19'j 
COOE!ll.KIflCro 
LEP«Jm 


= 200 "w.,m $["1 
LtNGTfI 


= ;:'01 Ir 
IlIf.;W~crG3tLENGTIHI [Q I} 


= ~'e2 
R[ORG 
t.OlIGPOO 


= 203 '~T"1f'T 
S~1 
$ 


= 204 E>:ITM 
= ~'i.t~E't'I~ 


= ~It Ir 
= 207 


1:1(i1(~Gf'G1 ~LLtliTll-i) 
~Q 1 
f.'EOPG 
t.ORGf'G1 


:.I:T 
f. 
= 2re 
':'SlAPT 


= 2OC' [XI TM 
= 2j~ [NI)lr 


= 211 Ir 


= 212 
= 213 ~Ttf1T 
= 214 [XITM 
= 215 Etlr,IF 


= 216 IF 


= 217 
= 21£; ":'TRrT 
= 219 EXIT11 


= 2<:9 WDIF 


= 221 IF 
= 222 


= 22:> 
':'START 
= 224 DaTM 
= 225 ENDI,. 


= ~2G IF 
= 227 
= 2:!O '.'STAF'T 
= 229 E\(ITM 


= 2:0 [I«llr 
= 2?-1 If 


= 232 
= 233 "STARl 
= 234 EXITM 
; 2!'J [NOli 


= ;::;1) IF 
fnGlf(~3tLEI«JTH·1) 
EQ 3 


= 237 
R\:ml 
t.Cm'G3 


= 2:sB ~ TAIll 
Sl T 
~ 


= 239 EXITM 
= 249 [I«)IF 


fIIG1((J;U'G2tL[I«JTH 
1) EQ 2 


REOPG 
t.ORGPG2 


~:n 
t 


HIGH(IYJ'G4tLENGTlI-1) 
eQ 4 
k'l~G 
t.ORGPG4 


SET 
t 


InGH(~GPGSjLUf]TIH) 
Ell 5 
REORG 
t.ORGf'GS 


SlT 
~ 


InGl(~0J6tLEP«JTH-1) 
Ell G 


REI)1G 
iroRGPG6 
~u 
$ 


IHGHIOOJPG?tLC:I«JTlH) 
EQ 7 
RE(JRG 
r.tm'G7 


SET 
t 


= 242 
lM>ll 
= 243 ; l>f'TABLK 
IN"..ERTS~TO 
PfG: 
3 
= 244 DATfIllI( IIUO 
Loom 
= 245 ?LB«lTH SET 
L[t«l1 H 
= 246 
IF 
HIGlH~3iLEt«lTH-1) 
[Q 3 


= 247 
R[0I::fj 
i'.ORlFG:l 
= 248 "STAPT 
SET 
$ 
= 249 [XITll 
= 25~ L1fI1F 
= 251 
~ 
9 
= 2:>2 
ENllI 
= ~3 
; ?SIZE 
PRINTS A Lltl: TO TIlE ~ 
rILE 
CiIYIt«l BLOCK~1ZE. 


= 254 
; 
1M) lfDATE~ ff'PRtfRIATE 
~ 
= 2S5 ?SIZE 
Ift:RO 
BLK,rGE 
= 2S6 
~...r.YE GCN 
= 25i' 
SIZE 
SET 
ELK 
= 25B ; 


= 259 
; *~,,~~*~,****:***************,,***********.*.**._**.*-- 
= 2613 IF ?Loom 
LT SIZE 
= 261 
ERROR 
9 
= 2'";,2 OOlf 
= 2(:J If 
= 264 
= 265 [11m 
= 2f06 
$REST(J1( 
=26i'~ 
= 268 
E.M>Il 
= 2C9; 
SIZEClt: 
= 279 SIZEClIK InRO 
= 271 
':'SIZE 
;((S··?STflRT>, ()1IG1j(~lflln 
=272 
ENllI 
= 273 i 
= 274 
; 
= 275 ; f..'SW1CE 
= 276 RS(Xg'.( IKro 
= 277 
$SA''''' 
1I ST GEN 
= 27C 
PGSIZE 
SET 
= 279 
PlJ"SIZE 
SET 
= 2S8 
PGSIZE 
~.£T 
= 281 
PGSIZE 
SE1 
= 282 
f'OSIZE 
Sl T 
= 283 
PGSIZI:. 
~T 
= 284 
PGSIZE 
SET 
= 285 
PGSILE 
5£1 
= 2S6 S[JECT 
= 2r.7 Sf<ESTlJ1E 


= 28S 
[/i)Il 
= 2r.9 $l:JECT 


.H~(.-1) 
1£ IHilf(?STfllTl 


ERRa" 
9 
; ***~ 
~ DATABLOCKRa.LED OYI:R f'OO[ 
~l 
- 


~lI99l1 
00>PG1-18l1l 
lJ\'GI'G2-2OOH 
lm'G3- 
J8lIl 


~'48l1l 
!m'(i5-599l{ 
~-69llH 


~i'.78lIl 


; Cf{J[5 
lJ<.ill ~ 
PRGE 9 


; L'YTE5 lJSEI) ~ 
PffiE 
1 


; L"l'TES tr..El> (Ij PAliE 2 
; BYT[S tr..El> r»l f1lGE 3 
; EVTES tr.EI 
~ 
POOE 4 
; b'Vl1:s ll'.1Ji 
(Jl PIG. 
5 
; BVTlS 
lJS[D 
~ 
I1lGE. (, 


; INTES 
lJS@ 
~ 
PfiGE 7 


296 ; 
291 $ 
HUUOC ( :F9: I'KJ'COO.Ift:) 


= 292 ; 
= 293 ;?f'lIlI'I1 
I'IOCRO FOR GEI£RfI.IZII«i 
tf'COOE INSTROCn~ 


= 294 ; 
= 2'.15 ?F0RI'I1 


= 2% IF 
= 297 $ 
= 298 
=29S 
=399$ 


= 301 
= ~ 
ENDIF 


= 303 
IF 


=3e4~ 


= 395 
= 3Il6 $ 
= :<97 
= :lOO ENDIF 
= 309 IF 
= 319 $ 
= 311 
= 312 $ 
= 313 
= 314 ENDIF 
= 315 
= 316 ENDII 
= 317 ; 
= 318 ;?f00ll2 
IKRO 
FOR GEt£RRLIZII«i ImES 
~ROIl TI£ oct 
10 A IlAl:IfIlLI: 


= 319?F00II2 
/ftk(J 
DES) 


= 329 IF 
?&DESTEll 2 


= 321 $ 
SA'.t GEN 


= m 
IlOY 


= 323 
I'IOY 


= 324 $ 
~'ESTORE 


= 325 
EXIT" 


= 326 ENDIF 
= 327 IF 
= ~ 
$ 


=~ 
= 339 $ 
= 331 
= 332 [NI)IF 
= 333 
= 334 [NDI! 
= 33.5 .; 


= 336 ;?f'M13 
IfX:RO 


= 337 ; 
= :ns; 
= 339 ?F0RI'I3 
= 34e IF 
= 341 $ 
= 342 
= 343 $ 
= 344 


PKRO 
(J'COO[, Skt 


?&5RC EQ 2 
!M GEN 


MOY 
lX'COOE 
RESTORE 
EXIT" 


?&5RC EQ 9 OR ?&SRC[II 1 
5AYE GEN 
CJ'COOE 
~STORE 
EXITIl 


?&5R( Ell :s 
SflV[ 
GEN 
lX'COOE 
RESTORE 
EXI1Il 


Ri.IOlST 
~,A 


?&DE5Ttll Il OR ?&DE5T Ell 1 
$/lYE GEN 


.-JV 


~ts1(J'r 
EXITI'l 


FOR GEt£RRLIZII«i I'l)V(S F~'OIITIE OCCTO A VfIllflJll:: 


liEN 
IT 15 I(lOIl THATR1 <II- IfiDEI) 
flJ( IN>lRECT fI)OR[SSll«i) 


15 fl.R[00Y Pl\ESE.T. 


I1f1Cro 
DEST 


?&OC~T EQ 2 
5fM: 6tN 


.-JV 
kESTORE 
EXI1Il 


inter 


= 345 OOIF 
= 346 
IF 
?&DEST [Q 0 OR ?&DEST I:Q 1 


= 347 $ 
s,'M: liEN 


= s4S 
P'ffl 
DESl.fl 


= 349 $ 
~'E$TORE 


= 350 
om" 


= J51 EIIlIF 
= 352 
[k'ROR 
1 


= :s53 E~ 
= 3S4 
; 
= 355 
;?F~ 
1f(;R() 
FOR GEI£Rfl.IZI~ 
'lIlY 
fI.}RC' 
INSTRLtTl(,fl 


= 356?!'t014 
IIlCRO 
~.'C 


= J5( 
IF 
?&SRC EQ 2 


= 358 $ 
!JlII[ Gl:N 


= 359 
It)Y 
R1.1"--kC 


= 360 
~'fl. 
l!R1 


= :SC1 $ 
11[51 (J'[ 


= 362 
om" 


= 363 [I(lIF 


= 3~4 
IF 
'&5RC ~Q 0 OR '&SIlC [Q 1 


= 1(.::' $ 
SAVE GEN 


= 366 
1'lO',' 
A,5R(; 
= 367 
$ 
RESTORE 


= :S6& 
EXIT" 
= 369 [t-I)IF 


= 370 IF 
ml<C [Q 3 


= 371 
$ 
5A'v'E GlN 


= 372 
lIlY 
A,I"A 


= 373 ~ 
RESTORE 


= 374 
EXIT" 


= 3"15 [t-I)lf 
= 37~ 
l~ 
1 


= 377 ENDf' 
= 378 ; 
= 379 
; ?FORI'IS I'KRO 
FOR GENEm.IZI~ 
ItlVING fI (''ONSTflNT INrO A VRF;IfiEl.[ 


= :AAl ?F0F:1'I5 


= 381 IF 
= :s&2 $ 


= 383 
=384t 
= 3115 
= 38G ENDIF 
= :S87 IF 


= 3W 
~ 


= :~ 
= 390 
= s91 $ 


=392 
= 393 OOIF 
= 394 
= 395 [~ 
= 3:lG 
; 
= 397 
;I1l1O\l 


= 398 IftlV 


= 399 IF 


1f1CI<0 
OCST, CONST 


'&l)[sT 
E~ 0 OR '&l)[~T 
[Q 1 ~ 
?&Dl~l' 
[Q 4 


SAVl 
GEN 
I1Q',' 
[lEST, tCONST 
~5TOOl 


EXITI'I 


'&DEsT 
[Q 2 


SI1VE GEN 
I10Y 
R1. Il)EST 
lIlY 
~1, 
ImlsT 


~sTORE 
[Xlm 


IlACRO 
GENa'flLlZED 
1101/[ FROIl ~ 
TO OCsT 
/'IlCRO 
[lEST. SRC 
'&SRC [(;1 3 


= 400 


= 401 
= 40"2 ~II>Ir 
= 403 IF 
= 4'34 
= 405 
= 40C EII>IF 
= 437 II' 
= 4138 
= 4!r.) 


= 419 E~l)Ir 


= 411 
= 412 
= 413 [ND/'I 
= 414,"GINOI' Mr.C~O 
GENE~fl.IZES ARllll'IETIC 
iN) lOGICfll 
~li.1lT1ONS 


= 41~ -'BINOf' 
I'IACRO 
Of'COOL0(5T, SRC 


= 416 If~&DCST 
I'Q 4 


= 41/'f'I)~M1 
OPCOOb SRC 


= 418 
[;<;1 TM 


= 419 DIOII' 


= 420 
rr 


= 421 
:: .•22 


= 421 
= 424 
WD1r 


= 425 
= 426 
= 427 
= 42$ 
ENDM 


= 429 
; MAW 


= 4313 
1'IAl>[) 


= 431 
= 432 
:: 433 : 
= 434 ;MflWC 
= 43'5 I'IIlOOC 
= 436 
= 437 
= 438 ; 
= 439 ,MI1NL 
= 440 
MANL 


= 441 


= 442 
= 443 ; 
= 444 
; MORl 


= 445 
I'IORl 


= 446 
= 447 
= 448 , 
= 449 ;M>R 
= 4513 i'lXRl 
= 451 


= 452 
= 453 ; 
= 454, 
MXCH 


mlR!'1S 
liEST.. $R(; 


~:~I1M 


')&DEST EQ 4 


'!FORM1 
I'll'J, SRC 
EXITM 


?&$I1C EQ 4 
?f0R1'l2 Dm 
E:><ITM 


?f0l1111 
1lOV, SRC 


'/F0RtI2 
DEsr 


''.1:SRC 
[Q 4 


'.>f OR"1 
OPCOOLDEST 


~'fIJIIM3 
OCST 
[XITI1 


"FORM1 
1lOV.' 5I<C 


'-'F0RI'l1 
Of'CODE,DEST 
TOI1I'G 
DEST 


MACRO 


MfIC~O 
')s INOr 
[NOM 


lor< (iCI,[Rfll1ZII«i 
f1DDINSfRUCl I~ 
DEST,SRC 
(lOO,DEST,SRC 


I1fl(;RO 
FOR GEl£Rftll211«i 
fiOOC INSTRUCTI()l 
MACRO 
ll[ST. ~C 


'I()ll()f' 
fiDOC, [1I:05T, SRC 


[NOM 


I1ACRO 


MACRO 


?B1NOl' 


ENOM 


fur 
GEt£RrUZII«i 
fR 
INST"'UCTI~ 
liEST. S~ 
tN.., DEST,SRC 


I'lr..cRO 


I'IflCR(.l 


'SINO!' 


ENOM 


FOR fiENEI\'Al.12INGOR\. INST~'lCTI()l 


l)EST, SRC 
ORL vEST, SRC 


/'IHCm 


IlflCRO 


'-'01 NO!' 
[NOM 


1'011GENERALIZING~ 
INSTro=TI()l 
DEST,SRC 
:><PL..DEST.5RC 


inter 


= 455 IllItH 
IR:RO 
OCST,~ 


=456 
"8110' 
XCII,DeST, SRC 


= 457 
[M)II 


= 45C ; 
= 459 "ltfJl'I 
IIn'O 
lJ'COOE, DE$T 


= 468 
?fmli 
IllY,DEST 


= 461 •••~ 
G(N 


= 462 
(J'COOE 
A 


= 46J m;STfJlE 
= 464 
?f"lRIl3 
DEST 


= 46.'5 
EN:iIl 


= 466 ; 
= 46., 1111«: 
IIlCRO 
DeST 


= 4GS 
?\.tRlY 
11«:,1)1;$1' 


= 46~ 
[M)II 


= 478 ; 
= 4"11 lite 
I1ftCRO 
OCST 


= 472 
?\.tW,' 
DEC,DEST 


= 473 
(!llfI 


= 474 ; 
= 475 ~JNZ 
!roW 
DEST,rooR 


= 476 
"l.tR1\' 
DEC,OCST 


= 47"1 •••...AVEOCN 
=471.) 
JNZ 
~ 


= 479 m:ST~[ 
= 480 
tHDI1 


= 481 ; 
= 482 IlRl. 
Pf£R() 
DEST 


= 4B3 
"l.HRV 
RLOCST 


= 484 
EIflIl 


= 485 .; 
= 4~ 
IlRI1 
IKRO 
DEST 


= 481 
~' 
f<f<,OCST 


= 4l'Al 
[NDIl 


= 489 ; 
= 4911 I11RC 
1'fn'O 
DEST 


= 491 
?lHI\'Y 
f<RC,DESl 


=492 
[PC)II 


= 493 ; 
= 494 I'nC 
IKRO 
DEST 


=49'5 
?IH1IY 
RLC,DlST 


= 496 
EPC)II 


= 497 ; 
= 498 $EJECT 


499 .; 
see ;============--====----------------------------- 
~ ;================================--=== 
S82 ; 
ElEGII'H~ II 
~ 
Fm'Ek 


583 ;=----------------------====--==------------------ 


584 ; ===--==============--=== 
5{jS 
; 


~, 


587 ; ****~"*t.****~ 
.•****************************_** __ 
~; 
589 ; 
518 ; 


511 •********-*****_**_*************_*** 
__ 
* 


512 ; 
51:s ; 
:>14 ; 
515 ; 
516 ; 
517 f'1>lGIT EfJJ 
518 rsEGHl 
EQU 


'519 f"".>£:GlOl!,lU 
529 rlNNJl 
EOO 


521 ; 


5;12 
.;******************************************-.*'1'***._**.* 


523 ; 
524 ; 


~; 


S26 ,*******.****.******..•.**********-*.'~******.*************** 


; lr..£D 
F~ 
Cl()IRECTHHI. IllCI<{SSAN>DHTA1R1WSF[1i'S 


;IJS[() ~ 
IN>IYICUt 
WlTRtl. OUTPUTSflN) BREAKLOGIC 


;Ill(,lf-lm~ 
AOORf5S 
1M AOI:lF:I:.S5 ~ 
:.ELE(;ll~ 


,I.a() TO ENAIlLEClfi:r.CTERS IN> 5H:OBEmlS 
(l" K~ 


; lJ'":.l() 10 T~ 
ONIII SlGI1E1W.• (f. C\J..ID1LY ENfl;lE() DIGIT 
; ~T 
rOli'LlK:R FlUI SEGI£NTS 


; r~T 
lJS(() 10 xm rOP. KEYCLOSlJ<ES 


527 , 
9881 
528 llllRfll 
Hill 
00000991£l 
; P1e - HI ErRlLES BREAKONBkEfll(RfII OUTP\f1SHift. 


lIOO2 
S29 IJIIUI( 
EQlJ 
009lJ88100 
I P11 •. HI ENffilE5 C1<EAK~ 
~ 
(J< II! TO LIII< &'1' Er 
S~ 
(1«)1E: Pi1 
& 1'18 B01H III ENfIlLES 


531 
E;R[fl( ~ 
I'M' EP INSlI!UCTI~ CYClD 


9004 
532 Er5STP 
EQlJ 
880081900 
,P12 - LO F~S 
EP SS 11f'UT LIlL 


53:! 
HI (iIlTESlJ<tAKI'OINl FLIP-FUJ' 
TO Ef' SS llf'UT. 


~ 
5:S4 ClREfF 
[fJJ 
889{ti9ll8C 
.;f'13 - LO CLEF:I1SIlREfI<I-UP-FLCP 


535 
fH) EIflllES 
II! COOF-'Cl10 BREfl(J'()INl Rf1l. 


8918 
S:l6 EPI&T 
EfJJ 
9881881lOO 
• PH - HI Rl:SE1S U' 
8828 
537 IIJ()OUT [QU 
891988008 
; f'15 - LO lKN E:> IS EX£CU1J~ lJS(R f~ 


538 
III lKN EP FROZENOR RLNlI~ 
0YEF-'U1YS. 


8848 
539 lTl'OUT [fJJ 
91888OO91l 
; P1C .. Sl:1WI. OUTPUTTO Tl'.' OR CRT 


548 
; P17 .. LtUXD 


541 ; 
542 $EJECT 


~043 ; *.t~.*****.*·~,~****.,.,**_**•••,*****••******,*,,**•••****u* 
544 
; 


')45 
; 
lrllIVIDlIfl. 
PINS 
ll' 
F'ORf ~ IJS[[) 
AS FOlLOWS 
546 ; 


547; *********".,,,***** ••,********,t*'+**·~*~****.*'*********.****•••• 
548 
; 


'Wl. 
:,se . 
551 119 
l~ 
~2 
Pl1 
[121.1 


5'53 
I'I'USEL 
[(lI.I 
554 
555 EXf'IOl 
EOO 


551'; 
55;' ; 


~; 


·55!) 
; WIlEN If' 
IN CONTROL or /'(I'lOl<'\' !'lATRIX M1-J10 USED AS FOlLOWS 


~; 
561 ; 


562 
' 
563 ,; 
564 ; 
565 ; 
566. 
567 .;WIlEN EP IN CONTIIOl 
(f' mmm 111-Me lEE:) 
POS FOlLOWS 


~.; 


'569 
. 


'570 
; 


5/1.; 
572 , 
573 
; 


574 ; 
575 ; 
576 $[J::CT 


0OO1009ll1l 


01J19llOOO8 
01080000B 


; P24 .. Il:~ 
Iflmx 
WlTRil. PIN 9 


; P'.:5 
.. 1'E110lN 
I'tflTRIX CC,mtl 
I'IN 
1 
; fYl6 - HIGH WlIEIl If' IN tONl Ril. Of (;0IftlN 10 ARRAY, 


LlM Wl£N EP 
IN C~TROL 
. f'27 .. ,1I••tlUm 
TO (Jj;'(J.JN() HJR STflN)AA() 
i'O/!T(Y(, 


fLiJHING 
IKN 
EA'fWlSIOII 
MONilOR 
I'RESENT 


I'tOOC 


1~Q1Jl"f1I'I RAI1 ARRfN 
ENf1I:l.ED 
FOR REAl) 
& WRITE 


DATA RAIl HRRAI' ~NflBL[D 
rt); 
f.'lP.D 
& Ii:ITE 
Lilt' 
REGISTER 
L1fRLD Ft.l? REAl), 
t.:1lI fI!Rfl'l'~ 
D1SffUD. 


OlOTE LIIof REGISm 
fi.wr.YS ENfilJl.LD 
FOR tIP II(!llS) 


I'(lI)( 
lP f'S~NrUCI£5 rRlJ1 LIlt: ~'lOGI:' 
TEIo: (USED 10 fll1CE 
CHIDES) 


EP PSEN FETC.f£S n:C»1 
f~lXiml 
I!AI': flRRflI', 


[P 
RD & II( 
COOTROI. 
[iflTA 
RfV1 1fl;'A\' 


Er 
PSElI rnCl1.5 
FRil1 PROGRAl'l Rfltl fllRA\', 
r.c t. 14:' CONTROl 
LINK 
REGISTEiI 


inter 


'in. ,t****~·~'*******.*'*'.*.1,***.*.**••***.*••**.t*,••••• ,,***.*.**. 
57~ , 
~80 ; 
~\'ST[~ C(>(,TAtIT OCnNITI~j 


5S1 , 


!)lJ2 ,*.**·*·*.1·.~'*.***~*~'*".~'*'*••••****.*****.**.* ••*.*•••*****.*, 
58}; 


5e4 
OCCLr.P£ 
(:HArNO, COOST 


598 
CfflRI(J 
EIII.' 


599 
; 


6tlll 
(If:C1JIFE 
NCOl.:'. i;ONST 


614 
NCIl.S 
EQU 


61'i 
; 
61(, l\£ClIlRE 
(,[[:1(,(, 
CI)lST 


(;39 
ocr,ln 
[QU 


(,:11 
' 


(,:12 rHLAAl 
OV,>/ ZE, CONSl 


64(. 
(r/s IZE 
W.' 


(,47 ' 


1.48 OCClfil<E 
D1_JrLEN, COtlST 


662 
BlfLEN EQlI 


CCS 
' 


(,64 . t· ~•• *.,'*****.*.•~**"****'·*••••*.'~*".*.*.**.*•••*1'***1'**.*.*.' 
66'i ' 
f66 ' 
Ge7 , 


663 ,**.**** •••****ttH.*."'*.** •••• *•••.•**'••*****•••• **••••**••• 


,Ll~5H:r'll£NSliJI 
cr KE:\'BOAR\)IlATRIX 


4 


,IU1CER (f S1J:ESSI'.'£ 
SCANS BE"'~ 
KI:.\' ClDSW: 
OCC£l'TED 


8 


669 .' 
670 D[CLAAE ino. (;ONST 
6r.4 Z[~:O 
EI;'lI 
9 


,:or.) OCCLAff 
PllJ~L CONSf 


(,99F'lIJ51 EflU 
1 


/01:1 OCCLAI1( r''lU~,3, CONSl 
;'14 PLtr.;:: lQlI 
;'15 r-fClItrE 
NEG1.CONSf 


129NEGl 
[QU·! 


?32.; 


133 ; 4,*******",*.*******••*",*",*********•••• *.*_ 
••_._* 
734 ; 
n~, 


136 ' 
7T? ;.**'t-*****C,**************.**.**•••• *•••*••••• 4'***._***.** 
738 ; 
rn DI£lfVlE lDATA.1<8lJ 
~:!l' 
LOOTA 
Sl T 


7Sf, DECLAF:Em', 
PBe 


(W+ 
1([1' 
SET 


m 
DEClAf-.'EITII', RE8 


lSGl 
IHlP 
SET 


i'9Il DECLARECII<SlIll,ROO 
003t 
Clt:Sl'! 
Sf T 


007 OCClf'lR( DSPT"', fIIllj 
e20+ 
DSl'TIf' 
SET 


e24 OCClIli 
Xf'COOE,RE:t1 


&:S7l 
XPCOOE SET 


841 ; 


942 
; .~'**4'*._ •••"''''''••*''***•••***••*••**••••• **.**.''.>I>._>I>. 


841 ; 


844 ; 
845 ,; 


&46 ,***.**.>I>.*>Io 
•••• >I>.>I> 
•.••••c'******••••• ***_ 
••• *.**** ••••••• * 
347 ; 
848 OCClARE IIOTmT, 1181 
865+ 
ROlrAT 
~T 


869 OCClfJ1 
I<'OTCNT 
..RIli 


336+ 
ROTCNT SET 


890 DEClARE LHSWY. RB1 
9071 
UlSTj(Y SET 


911 OCCl/Jr 
ctJ1DIG. RBi 


92tl+ 
(.U!DIG SET 


n2 OCClflR[ I(ElnG, 
RIl1 


949+ 
I([IfLG 
~.(T 


953 


954 
; 


9S5 ; *.**.****.* ••****.*.**'.****c'.**** •••******••**,.,.*_** •••• 
956 'EJECT 


; DA1A USED BY lOOICfl. 
fiOOIlI:SSlt«l ~fC)/llmt 
UTIlllIE!o 


R2 


;HCt~ 
KlYCODEREllR1D 
FRlJI 1(00 IIf"JT RWlIII:, 


RJ 


R4 


; CHlCll~JJl or DATACYTE5 TRlYISPIITTEIIIN HEX FilE. Fll.'Ilf1T 


I1':l 


; TE~ARY 
STllml: 
fOR DISPLA\' PPoTTERNSIN 'l)C"..m;v 


R6 


; EXPflNSI~ 
lOlITOR 
IWTIII: 
COOl IUI8U1 
Rr 


; USE.DTO ID.D 
IIf'UT f'flTTERN [j[It«l 
f-'OTAlUI TfI<WiH (.'\' 


~2 


; C(U{TS IU(j£J( 
IF ens ROlRTUl TII.1X.Gl CI' 


~:3 
; IlIl.~ 
I(EY f'OSITION or lAST K[\' DEf1\t:!oSIONDlTECTED 


R4 


; UOLD~POSITION or ,*,Xl CIR<ACTER TO BE DI~'LAY[D 


RS 


; Flf1G TO DO ECT 1101 fl.L KEYS fn 
f-'U.lflStD 


R6 


; (kEGISltR 
( f(JT US(() 1"(1( f'l(IIRIY 
IOmll:) 


957 ; 
9S8 . ****** .•*.* .•,u,*********t**"'*********>t****>t********~,********* 
959; 


%l3 
; 
DAm 
I1l1l'l ftLOCfllIt'l 


%1 ; 
%2 ;*****,*****"'*>t***,*,,,,**,*,,,*****,,,********************,**********.* 
963 
.; 


964 
DECUlPE 
[rACe. 
Rrol't 
; ~HJ'flGl 
IN I'll' FOI1 [r 
f1l;CIJtJLRTOR 


0020 
969+ 
lJ'ACC 
EQU 
32 


~73 
DECLt1~ 
[Pf'SW, ~'flIl 
; ~Tll<AGE IN I1P For< EI' 1'1i'0000ll'l STATUS WORD 


00'.<1 
971)+ 
lJ'P""w 
EW 
:>3 


932 
OCCLflRE ErTll1ll, 
liRl1 
; ST~.£ 
IN If' 
rlJl.: [~. TlI'lEII/COl.J/m: 
RlGI5TE~ 


99'r'" 
9C7~ 
[rTlII< 
EOI! 
,4 
" 
991 
[)ECLPo~ 
Ef'R8. ~f.1'l 
·srr~ 
IN "" 
F~ 
[f' PEGlSTE~ 
0 Of BRN: II 


0023 
996+ 
Emil 
Wli 
35 


1008 
DECLARE EPI'ClO, 
Io'H!'! 
; 5 Toml[ 
1N Mf' FOIi' LOIol1)\", [ 
IT 
EP PkOGRHIl COOnE.1i 


0024 
lllll5+ 
ErrCLO 
EQlI 
36 


1009 
OCCU1PE EF'PCfIL Rfm 
; STOl"AGE IN 'If' FIJI.: HIGH NWBLE 
OF EP ~'ROGRilI'I COUNTER 


0025 
10141 
E!'PCIll 
Ellll 
:i? 


1018 
OCCLfWE HElTlO· 
f.'f11'l 
· ~flI'lETER 
1 FOR <.IriAl 
llN11 
DHlfi ~'fITl 
i';[NERf1T~ 


0lQG 
1023+ 
HOlTlO 
EQlJ 
38 


1027 
DECLARE 1·IElITHl.11AI'! 
· Prv::r.t(TE~ 
2 rOli' SERIfl. 
LIlt: 
DfHfl RATl 
GENERATOR 


00;17 
1032+ 
flCITHI 
EQlI ;~; 


1036 
DlCLflrE 
OSPTlI'l, RAM 
; rnrm:. 
TEf' J~; 
AUTo-STlP 
flN[. AU10- CREfiK SlQlU«;11«i 
kfm 


0028 
1041+ 
OSPTII'l 
EQlJ 
4'J 


1045 
OEi.lflrE 
VERS~, 
PAM 
· MlJNlTOR VEP~,ION NlJ'ffR 


0029 
1050+ 
IIEI1SI¥) 
[00 
41 


1054 
l)ECLt~[ 
HREGA,RflM 
, 
(UNUSED) 


002A 
1e.tS~+ 
f:l1EGn 
[tlll 
42 


1063 
ocCLru;r 
IIR£GC:, RAIl 
; 
(lH.JSED) 


ll92C 
106r.1 
IJ:EGC 
EQlJ 
43 
H47<: LlECLAFE llRECC.1.'ffI 
; 
(lHJ"..£D) 


002C 
10n. 
~EGC 
EOO 
44 


lllSl 
DEClAf;'[ 
HREGD,Rftl'l 
(LN.J~) 


002[) 
1006+ 
IlR(GD 
EQU 
45 


1090 
DlClPoRE IIRI:GL Rfll'l 
; 
(UNUSED) 


902[ 
10951 
f/REGE 
[QlJ 
46 


lll9'J 
DECLARE 1/REGf', RAIl 
, 
(lHJ.;[() 


0021· 
11041 
HREGf' 
EQU 
47 


1103 
DECU1RE SIflLO, Rf1I'l 
,1'Rllfll(',' 
CmRIJ 
smml¥} 
PllIf.lR',' rooo::SS 
(U~ 
INTEl 


9113l! 
1113+ 
SI'lfllO 
[QU 
48 


1117 
OCCLRRr: S/'IflHL RAI'! 
; f'RllflR't' 
CO/ftlNl' 
STARm~ 
1'lE~\' 
Fm'lS~ 
(HIll: 
B\'ll> 


0031 
112'21 
5/'fiIn 
EQU 
49 


1126 
DECLflRE EMf:l..O,RAI'1 
; P11Il1fIfi\' C'.ot'IIIflNI)ENliING 1'!EI1OR\' ADD"'[SS 
(LOW [j\'Tf) 


0&32 
1131+ 
uno 
HJU 
50 


1135 
DECLARE Eml 
L RRI'I 
,1'1i'111AA',' C()lMf)N() [NDING 
M[/'II]i'\' 
fYJDI<ES~ (HIGH B'r'U.l 


0033 
1140+ 
E~I 
[QlI 
51 


1144 
D1.CLAPE 1£11.0, RA!'I 
; TfIlRD ProstR 
PP.RAI£TER 
& HEX RECfJ;O fOOk'ESS 
(LOW) 


8034 
1149+ 
/'IEIt.O 
EW 
52 


1153 
DECLflRE I'lEP1I1LRAI'! 
; Tln~'D 
~';[R 
m\'AI1Em: 
• 
H1.X RECOOD AIiORESS (HIGH) 


9113S 
11'381 
MEitH 
[QU 
~3 
11&2 DltLARE 
BCODE. proM 
; PI<'I 11OR\' 
Cl1I'IMANONUI'lI3E1;;FROM rffSER 
HlBlES 
(9- (:) 


003G 
l1G'?+ 
Er))D£ 
E(,IlI 
~4 


1171 
DECLARE TI'I'E, RflM 
; I'IHMJIR'/ COI'll1flNDI'lOOIf IER/OPTI ON (9-5) 
elm 
1176+ 
T\'PE 
EQU 
~5 


inter 


1100 DEClARE ~,~'fIl 
1185+ 
~ 
E:QlJ 56 


1189 D1:l.t1lRE OPTION,RIll 
; II«X 
F'OINHJ~ USED IN SE~IIN:I 
MlSER 
TfIllES 
1194+ 
OPTION EQU 57 
1198 DEClARE I£XTPL RAIl 
; CIftlACTER F'OSITlON r~ 
Dl~A\' 
UTILI) IES 10 If<ITE rt:X1 


1293+ 
1£Xm. 
(QU 
58 
12117DECUlRE KBOOUf,RA1 
; POSI1ION ll" K[\' DEIlOLtaD 
BY SCfHIlN:l 
SlU.'OOTIN: 


1212+ 
KBOIllr 
EQU ~9 
1216 DEClARE KI:YlOC,Rf1'I 
1221+ 
KEI'lOC 
EQU 


12'6 
lilClfJ.'E 
~PTS, 
Rf'.t'I 
1239+ 
~TS 
lQU 
1234 DECUlI 
ftC"...IlYL 
Rl1I'I 
1239+ 
ASflY[ 
(QU 
1243 DEClARE roElA\',1:I1I1 
124B+ 
RDELflI' r"J 
1252 DECUiRE STRTIlI', Rf1'I 
1~7+ 
5TRT1'lP (QlJ 
1261 DEClARE BIHNl. 
RAIl 


12(,6+ 
OlJ'CNT mu 
1279 DECLffiE RECTI'!" Rf1'I 
1275+ 
IlECTYP EglJ 
1279 DECLflRE0, RAIl 
12S4+ 
B 
EQU 
12SS DECLflli'EREGC,Rt':I'I 
1293+ 
REGC 
EtlU 
1297 DEClARE H.RIll'! 
1392f 
H 
1396; 
De7 MIllOCK ~'(GI'lf1I',ClIflRt{) 
; RCGISlU 
fiRRfll' FOR DISPUIY rAlTERNS 
1311+ 
SCGl'lAP [llU 
79 


1314 ; 
1315 MOCK 
0\IElf", OVSlZE 
; U)HlIIDER 
lJSf:R PROORAI'lDlf!ING I'!INHlJNITOil 
OYERLf1'1'S 


1319+ 
0YBlf' 
UlU 
78 
1322 ; 
1323 MIllOCl< HEXBlf, IllfLEN 
; ALLOCATEIllOCK or RAI'lH)R lJ'".l: AS HEX ReCORDI:IlfFER 


1327+ 
flEXlllf 
EQU 191 
1339 ; 
1331 fE:JECT 


; llaD£N)ED 
flS SUCCESSlYE KEI' LOCRTlQN!;SCIN£I) 


68 
; KEEPS 'fROCKif SOCCESSlYE REfll)$ ll" SM 
I([I'!>TROO: 


61 
; H(lOS fnUlJLAT~ 
Yl{.lE DURII«i SERVICE WJl Ill. 


62 
; c;WflER 
DECI,:OlENTEDW1IlNIlJTO·SIEP 
OlLA\' IN Ff.'OORESS 


63 
; IPlXX POINTER Filo: DISPIJ:Y ClflRftCl[~ 
STRII«i ACCESSIN:I 


C4 


; CWll 
('( DATAIlI'TES IN IlEX rtl<l'lflT k'«(;{J:O Bl.frE:~ 


65 
; TYrE if I[X FORI'lfll RECGID (e OR 1) 


E.6 
;IllT C(UflE~ 
FOR ASCII SERlflL 110 UTILITI' SlmJUlINES 


(" 
; CIKfiCm 
IlEIN:I SHInCD 
DURIN:I SDHAl 
110 mnss 


CS 
; (;WllER 
IN Sll"TWf~ 
DEWI Dflm ~m(G[h{RIlTOR 


1332 
DRTfI1.K48 


03119 
1337+ 
ORG 
768 


1341 ; IIMl.S 
TAElE Of DX;TfJlT!> 10 IlE L(8)(]) 
INTOIF INTERIR. J<Ifl YIIlIIfllS 


1142, 
AS PARTIF SYSTEIlINITIfl.IZflTlI1l 
PROC£DW:: 


1J43 ; 
1344 ; 
INITI fl. IM.ll 
Vf':Rlf1IllE 
TYPE 


1345 ; 
==== =--= 
==== 


8:see ee 
1J46 INYll.S: 00 
08H 
; I1OTI'flT 
1& 


8J81 911 
1347 
00 
99U 
;ROTt:NT 
RBl 


8382 ee 
1348 
00 
0IJ1 
;U:5m 
RIll 


8383 ee 
1349 
00 
tllRRt«l 
; CUlDIG 
r£1 


8384 ee 
1358 
00 
0IJ, 
; Kt:\fLG 
R&1 


0395 ee 
1351 
Dll 
9l!H 
; <REG7> 
RBl 


93l1C llll 
1352 
00 
9l!H 
; E.PflCC 
~ 


9387 81 
1353 
00 
9tH 
;~ 
m. 


0388 llll 
1354 
00 
9l!H 
; EPTlII! 
M1 


9399 9ll 
1355 
()(; 
eell 
; Ef'R8 
RfIl 


938A ee 
1356 
00 
0IJ1 
;ErmO 
RAI1 


03ll£199 
1357 
DB 
9l!H 
;EPPClH 
RAIl 


938C 93 
lN 
00 
9311 
; IIIITLO 
RAI1 


0S80 84 
BS9 
00 
94H 
;llmHI 
RIft 


838E 211 
1368 
00 
28H 
;DSPTI" 
M1 


93llF 25 
1361 
Dll 
25H 
;~ 
RIll 


8318 ee 
1362 
00 
9l!H 
;~GA 
RAI1 


9311 ee 
1363 
00 
0011 
; Ift:GIl 
RAl'l 


9312 ee 
1364 
00 
9lJI 
;HREOC 
RIlIl 


9313 ee 
1365 
00 
08H 
;ItlEGD 
RIlIl 


!I314 ee 
1366 
00 
081i 
; ItlEGE 
lUll 


9315 ee 
1367 
DB 
0011 
; Il.'EGF 
RAI1 


8316 ee 
1368 
00 
08H 
;SlRO 
RAI1 


9317 ee 
1369 
00 
0011 
; 9IlH1 
ml 


9318 rF 
1378 
00 
IlFFH 
; EIILO 
RfIl 


9319 IlF 
1371 
00 
8FIt 
;EIflIH 
mt 


831A ee 
1372 
00 
9l!H 
,~It.O 
M1 


8318 ee 
1373 
00 
9l!H 
; I£IfIl 
IlA'I 


931e 00 
13i'4 
DB 
98l-: 
; BCOOE 
m. 


031D 84 
1375 
DB 
~: 
;TVPE 
RIft 


931E 81 
1376 
00 
01U 
;II.ft:(Ij 
Rffl 


031F ee 
1377 
DB 
0IJf 
; OPTll»l 
mt 


9329 9!) 
1378 
00 
Om«) 
;I£XTI'L 
Rffl 


9321 r-r 
1379 
DB 
IfTlI 
;K~ 
RfIl 


0322 ee 
1388 
DB 
08H 
;KEltOC 
IlfIl 


ll82J 
13L'! NO't'fl.S EQIJ 
f-INYflLS 


1382 
5IZ[CII( 


0923 
1385+ 
SIZE 
SET 
35 


1:w.;~; 


1387~; ••.• ***_ 
••••_******.**.* ••*********•••****•••***•••**** 


1396 fEJECT 


88lI8 C5 
8881 1IF811 
8883 7401 
9811527 
llII86 3D 
11887:IE 
88lI8 C81A 
II88f1ll923 
llll9CBfl8lI 
88ll[ FR 
8llllf E3 
9819 A9 
98111& 
9812 1R 
9813 E99E 
9815 55 
9816 744f 
9818 L:8IJ8 
8lllR 74GA 
981C 54£5 
991E 0937 
9112011 
91121341'2 
9923 54[5 
9112599EF 
9927 9429 


1397 $ 
I1«:lJJlE( :Fe: PfI1SER.IQ» 


=1J98 
COOEBlJ( 4~ 


=1483+ 
IJ!G 
9 


=1487 ; INIT 
INITIILIZES PlO.'OCl:SSal 
REGISID:S 


=148&; 
IN> RAIllOCftTIlRi )0 DEfII£I) YIL\£S. 
a1489 INIT: 
Sll 
r.:se 


=1419 
tfJJ 
Xf'COOE, 18 


"1411 
ClLl 
:<PrEST 


=1412 
lU 
A 


=1413 
ft)Y\) 
PSEll.O,n 


=1414 
ft)Y\) 
f'C"£GII,R 


=1415 
lIlY 
Rf!,l11li ; 5~ 
RT kD1 (JifG2) = RAIlLOC1~ 


=1416 
lIlY 
ilL lUll 
t«MLS 


=1417 
lIlY 
R2,Ill'l INYILS 


=1418 INITLP: lIlY 
A,R2 


=1419 
1lM'3 
fl,@II 


=1420 
IUt' 
l!RIl,R 


=1421 
INC 
R9 


=1422 
INC 
1(.1 


=1423 
DJNZ 
kL INIlLP 


=1424 
STilT 
1 
=1425 
Cfl.l 
E.I'l:RK 


=1426 
lIlY 
Re, 1l(JI(OViBA$+OYSIZE) 
=1427 
Cfl.l 
OYLOOD 


=1428 
CALl 
COIFIl 


=1429 
I'KlY 
Ri, 'TYPE 


=1439 
INC 
PIll 


=1431 
Cflll 
INCSIIA 


=1432 
au 
Ct)f·IL 


=1433 
fN. 
f'1, '(NOT Ef'RS(1) 
=1434 
.lit' 
IflIN 


=1435 ; 
=1436 
SIZECH< 
=1439i 
SIZE Sl T 
41 


=1449+, 


=1441+;****-*******_ 
••***-** ••*••**•••***_•••*_ •••- 


=1459 $E.JE(;T 


=1451 ; 
=1452 ; 
=14~3 ; 
=14~ 
; 


=1455 ; 
=1456 ; 
=1457 ; 
=1458 ; 


=1459 ; 
=1463 ; 


=1461 ; 
=1462; 


=1463 ; 
=1464 ; 
=1465 ; 
=1466; 
=1467; 
=1468; 
=1469 ; 
=1479 .; 
=1471 ; 
=1472 ; 
=1473 ; 
=1474 ; 
=1475 ; 
=1476 SlJECT 


"PROO BRI("PI1OO 1EI1"I\'EGISffi' 


, lJ'l(R) 
" 
II 
II 


, 
"AUTO STP"SII«i 
STP'! 
I() me ~ 


, 'DATAIJRI(' 'DflTA 1EI1!' 


! D/l.(R) !' 
" 
"ClRIPREV' 


, 
"AUTO IJ:I( I 'WITH E;R1(" 


inter 
AP·55A 


LOC 
OOJ 
LII£ 
';,W!C[ 
SlATEl£Nl 


=1477 
; 
=1478 
; 
TI£ 
m.L!II11«l 
EQlJlTES DUERIlIIt.S 
H(Jj TI£ 
PfI:$Ek 
INTERPf<ETS 


=1479 
; 
YALL{S R[11R£I) 
rN TIE KE't'OOfflI) SCflIflII«l 
IIf'UT 
RlXflltt. 


=1489; 
IKN 
TIl 
VARIOUS K[I"~ Of' TIE KEI1lOORO ARE PRESSED. 


=1481 
; 


=1482 
; 


=1483 
; K£:''0 
EOO 
9IlIf 
Vfl.L{ 
RE:Tm£D 
FeR EACH KEY ~ 
KE~ 
IIm:IX 


=1484 
; KEI'1 
EOO 
81H 
E\' KEIWRD 
SCANlII«i 
SOOROOTIIE 'KOOIN'. 
=1485 
;KEY2 
EOO 
ll2H 


=148C 
;K£Y3 
~oo 
B3H 
i---·- +-··--i---- +---- + 
j.•.•--+'--i 
--._+-- 
+ 


=1487 
; KEI'4 
lOO 
84H 
'1C'1D'1['1F' 
'll(;'lIO'BE'Br' 
=1483 
; KEYS 
EW 
9511 
i--' -+--'--i--"-+"-'-'+ 
+·----·+---··i--'-i----+ 


=1489 
; KEI'6 
(00 
86li 
'1S'19'1A'1E' 
!88'B9'lIfI'BII! 
=1490 
;KE\7 
[00 
lllH 
j.-. --i---+-"-i···-·· 
+ 
+--·--i--· .-+_.--i-··-i 


=1491 
; trEYS 
EOO 
ll8H 
' 14 
' 15 
' 16 
' 17 
' 
'll4'Il5'86'Bl' 


=1492 
; KE\'9 
EOO 
B9H 
+-·---··f--·-+---- +--.-··i 
i·---+-···--+----i- 
---i 


=1493 
; KEYA 
Eoo 
BAli 
'1B!11'12'13' 
'lIll'II1!82'B3' 


=1494 
;KEYC 
(00 
llIlH 
i·-··-i-- 
-..+--._+-.-.-+ 
+-.•._+--_.+-- 
-+---i 


=1495 
; KEYC 
EOO 
BCH 


=1496 
; KE\'I) 
EOO 
!!OH 


=1497 
; KEI'E 
[00 
BEH 


=14~ 
;~ 
(00 
BrH 


1Ill18 
=1499 
KElflL 
(00 
111l 
;[FILL 
WlfH)J 


lIll12 
=15l1ll KE\'NXT 
EOO 
12H 
; [It.XT/, 
J 


8813 
=1581 
KE'r'EN) 
[00 
13H 
;[001. J 


lIll14 
=1502 
KElm 
EOO 
14H 
, [OCMLlR) 
wtflN) 
J 


1Ill15 
=1503 
KP,'PAT 
EQIJ 
15H 
; [1lJT00I1Efl( 
/IX) IF IEIU 


881& 
=1504 
Kn'l)ll 
Eoo 
1611 
; [I!IHF: Pf:PU'l' /lX)IFIERJ 


8817 
=1~ 
KEI'Cl~ 
Er.l1.t 
1i'll 
; [(;l[flRIPRE:YIOOS 
J 


lIll18 
=1586 
KE'o'REC EW 
1CH 
; [IJ'LOAD ClI'IfN) 
J 


8819 
=1Sl.l7 K(YTRfl 
EOO 
19H 
;[AUlO~llF' 
ImIFIERJ 


lIll1A 
=1500 
KEYPI1 
Eoo 
1A1l 
; [PROORAl1 II:lUY 
IOIIHER 
J 


1Ill1B 
=1509 
KEVREG [00 
11111 
; [REGlSlIR 
~'tmlflERJ 


1Ill1C 
=1518 
KEI'lST 
(QlJ 
1CH 
; [FllMlTTED 
DATA OOTPUT ClI'IfN)] 


lIll1D 
=1511 
KWlES 
[00 
1DH 
; [GO FR~ 
RESET STArr 
(ntfN) 
J 


lllI1E 
=1':>12 KEI'GO 
EOO 
1EH 
, [GO COItfHI] 


881F" 
=15n 
KE'l'OO 
(00 
1Hl 
,[EXf1l'IIIEIIO>IF'.' 
CCftIN)] 


lIllBB 
=1~.14 K5£TB 
EQU 
lei 
; [5£T 
Bf1EOO'OINT C(JIfH) 
J 


OOOC 
=1515 
KClm 
EOO 
OC1J 
; [CLEf*: 
OREAKF'OINT wtRiI] 


=1516 
; 


=1517 
; 


9819 
=1518 
rtw 
EQlJ 
19H 
; [Fm.i~ 
[jR[AI(f'OINT Pf:~' 
/lX)IFIER] 


8815 
=1519 
OORK 
(QU 
1"lH 
;[DflTA 
IlR[AI(POINT i'IEIfJRY II(X)lrIER] 


0011 
=1520 
RINT 
EQU 
11B 
; lfm!WARE 
REGiSlER 
1'IEta\' 
t'O)lFIERl 


001B 
=1521 
NOORK 
[QU 
1CH 
; [WI1IM 
CREFlKf'OlNTS IO>lrIER 
J 


lIll1G 
=1522 
IoIlRJ( 
EOO 
1611 
; [WITH ERl/l(POINTS 
EIflIll.EIl 
1W1H(R 
J 


lIll1A 
=1523 
SING 
EQU 
1f1H 
; rSIIlGlE 
~,T1J' IQ)If 
[ER] 


=1524 
; 
=1::>25 SU(CT 


inter 


8829 BrM 


992B 1401 
llll20 2J91 
892r 3400 
1193114EC 
elm ~B 
11934D313 


9836 
CG2S 


ge3fl fl936 
1193C8199 


9Il3E 8937 
9Il48 B1119 
9942 FC 
9943 E3 
9Il44 B2BC 
Il846 00 
9941 C652 
9949 FC 
994ft 8393 
llll4C oc 
9Il4D11936 
884F 11 
9Il58'8442 


8852 8936 
ll854 F'1 
805S 931D 
9Il57 3482 


COOEBIJ!168 
~ 
41 
OOTPUT 
JES9&: 
(C(JIIHU'RQFT> 
au 
IIf'UUIVTr<KEY) 
If ll£ KtY=UC>GOTOlllIN. 


=1526 
=1531+ 
=1535 ; IIlIN 
=153(; ; 
=1537 ; IfHN2 
=1538 ; 
=1539 IflIN: 
IIlV 
)(f'COOE.'1 


=1549 
CfU 
XPTEST 


=1541 
IIlV 
fI,'1 


=1542 
CfU 
OOTUlL 


=154:f 
au 
IIftE\' 


=1544 IIlIN2: 
IIlV 
R,KEY 


=1545 
xro.t 
fl,1ICE\'l:ND 


=1S4C 
JZ 
IIIIN 


=1547 ; 
, 


=1548 ; FIIW' 
rIND OOTIF HI. KEYF1:ESSEDIS R LEGITIIllTECQIRI) 
INITIRT~: 
=1549 ; 
ITIf': =CTAS 


=1558 ; 
OCOO£' =T\'PE:=8 


=1551 ; 
Ilmr 
CTAB<ITIf')09 
ICTfl: EmiUSTEDl 


=1552 ; 
If CTfll<IlIf')=KEY 6OTOIIlItfl 
IWtfH) 
lNTRYHlN> IN CTflll 


=1553; 
ElSE 
111f'=lT1f'+CtJIHI)_EN1R'1'_SIZl: 
=1554 ; 
BCOOE:=IJC1l)[+1 


=1555 ; 
ENDIfIILE 


=1SSG; 
6OTOr~ 


=1557 
IIlV 
n"'.ICTAB 


=1SS8 
IftJV 
OCOOE.ZlRO 


=1569+ 
I'KlV 
R1,I8COOE 


=1579+ 
IIlV 
€'R1,'ZERO 


=1574 
IftJV 
TYPE,ZI:RO 


=1585+ 
I'lOY 
k1, '1W£ 


=15El6+ 
1IlV!!Ri, 
,£B.OO 


=15~ FIIW'. 
IIlV 
A,ITIf' 


=1591 
19JYf'3 fl,@f1 


=1592 
Jb'5 
IERkOR 


=1593 
XRL 
A.KE'r' 


=15~ 
J, 
IIlI~ 


=1595 
IIlV 
A,ITIlP 


=1596 
fI)O 
fL tmlSIZ 


=1597 
IIlV 
ITIlP,R 


=159lJ 
IIlV 
Ri, IEm>E 


=1599 
lit: 
l!R1 


=1688 
JIf' 
FINDa' 


=1681 ; 
=16112; 
=1(;83 ; 
=1634 ; 
=1685 ; 
=168C; 
=161.17 
; 


=1600 ; 
=1G0SI1Rllfl 
IftJV 


=1G18'1 
I'lOY 


=1619'1 
IlOY 


=1623 
roD 


=1624 
CIl.L 


OOTf'1JLl'l5SOOE(STRCOIl(l.:(;OO[) 
) 
1:=1+1 
fl'TION:~m 
I:=I ;·1 
'«Lor -"ARfft:TrRS:=IEtl(I ) 
1'=3 


A,BCOOl 
R1,IIlCOOE 
H,~1 
n,ISTRCOI1 
OOTCLR 


9959 1C 
9ll5A FC 
98SE E3 


Illl5C 1,'939 
895E Ai 
985r 1C 
ll960 rc 
99(;10 


911628938 
91164R1 


006S B99C 
99(;7 ro39 
0069 0089 
006B 18 
9ll6C E969 
896[ 14EC 


9079 8939 
0072 rt 
oon nc 
9074 1C 


9075 rc 
9076 E3 
9077 97 
8978 F7 
8979 77 
90i'A 00 
907B C693 
9lllD r6S7 


90lf 
L'937 
9081 J 


01 
90C2 17 
8883 Ai 
9084 1C 
9085 9475 


9087 8937 
91189B190 


=1625 


=162G 
=1627 
=1628 
=1641+ 
=1642+ 
=1646 
=1647 
=1648 
=1649 
=1662+ 
=1663+ 
=1667 ; 
=1668 ; 
=1669 ; 
=1679 
=1671 
=1672 1111111: 
=1673 
=1674 
=1675 
=1676 ; 
=1677 
0; 


=1G78 
; 
=1679 ; 
=1G80 ; 
=1681 ; 
=16132 
IftlY 
IlIf', Cf'TION 


=169lJ+ 
I()Y 
Rj"O'TION 


=1G99+ 
..w 
A,t!R1 


=1(12+ 
I()Y 
ml', 
A 


=1715 
I~ 
ITII' 


=1716 PIA I1«:1: IftlY 
A,1Tl1P 


=1732+ 
I()Y 
fl, ITII' 


=1736 
11M3 
A,llA 


=1737 
U.R 
C 


=1738 
~.t(; 
A 


=1739 
RJ: 
A 
; STRIP BIT SEVENINlO CIJ:kY 


=1748 
XRL 
fl, 1(£1' 


=1741 
J2 
IIlIIt/ 


=1742 
JC 
1Il11t/1 


=1743 
"I~ 
T\'PE 


=1748+ 
I()Y 
~1, ITYPE 


=1749+ 
I()Y 
fl,ilR1 


=1753+ 
II«: 
A 


=1758+ 
IlOY 
l!R1,A 


=1761 
II«: 
IT"" 


=17G2 
Jl1P 
IIII1«:1 


=1763 ; 
=1764 ; 
=1765 ; 
=1766 1Il11t/1 I1I'KJII 
1\'PE,ZERO 


=1771of 
I()Y 
R1.ITYPE 


=1rnJ+ 
I()Y 
~,IZERO 


=1782 
IftlY 
fl,Cf'TION 


II«: 
I()Y 
1lM3 
IftlY 


I()Y 
lIlY 
II«: 
I()Y 
1lM3 
IftlY 
IIJY 
I()Y 


ITII' 
fl, I1If' 
R..llA 
Cf'TION.fl 
RLWTlON 
t!R1.A 


Inl' 
A,ITII' 
fl,llA 
II.t(;()N, A 
la.~ 
@Ri,A 


I()Y 
1a,16 


I'KJY 
Re. t<".MO 


I()Y 
@R8.I9llH 
II«: 
Re 


DJNZ 
li1, 1Il1,*, 


CflL 
IIf>KEY 


UOI ~ 
IS 2 lfI'1ES 
sTfln 
(J" PFml fA.HERS 


IoIIiLEKEY()I£"(Cf'TH,.n\'P[)[G-8l 
00 
IF O(Cf'TIONtTYFt)[7l=1 
GOTOIfIllt/1 
TYPE:=T\'F'E+1 
EII>IolIliLE 


888B~39 
8980 F1 
lI88E E3 
88EF J484 
9ll'J1 849E 


tl997 B9J7 


91199 61 
999R J484 
9ll9C 14EC 


009£ 0C9ll 
9l*l9m9 
9IlA2 GC 
98fB GC 
9llfl4 AS 
8llAS14Cll 
llllfl7 FGBll 


9llf19 
1C 
llllflAB~ns 
lllIAC F1 
llIR) 87 
ll!lAER1 
llllA C6t'ft 
0081 Fa 
9llIl2 D3B 
llllB4 Calf1 
llllB6 14CC 
00B8 94flll 


9llBC IlA01 
OOBE2490 


=1791+ 
=1792+ 
=1796 
=1797 
=1798 
=1799 
; 
=1888; 
=1891 1111tI) 
=1819+ 
=1811+ 
=1815 
=1816 
=1822+ 
=1S2J+ 
=1827 
=1828 
=1029; 
=18Jll 1Il11li9: I'ffl 
=18J1 IIflHIl1: I'ffl 
=18J2 
fllI) 


=18JJ 
fI)I) 
=18J4 
I'llY 
=18J5 
Cfll 
=18J6 
JC 


=18J7 
INC 
=1CJ8 
1'10'" 
=1839 
I'ffl 


=18oW 
DEC 


=1841 
IllY 


=1842 
JZ 


=184J 
fI(JI 


=1844 
XRl 
=1845 
JZ 


=1046 
CfU 


=1047 
JI'I' 


=184SJ; 
=104~ ;OOINT DfTERTI£ C(M'N) 1'ROCE!;5a(WInl: 
=1058 ; 
IlflSLCOOl=TI£IIlIN CQftN) WI'[ 
=1851 ; 
TW[~~ 
TVF'E 


=1852 ; 
PARAl'IET'ERm=fIRSTrooFIS!; 
=1L'5J ; 
PAI:Al'ETER(2)=SUXN>fall'.'ESS 


=1C54 ; 
~m=DflTR 
=1855 CIllINT: Jff' 
IIf'LE" 
=1856 ; 
=18:>7; II:"RROR[RR(R EJro.mERED IN IIlIN m:slr«i 
I<OOTII£. 


=1858 I£~: 
I'ffl 
lDAT/U1 


=1859 
]If' 
~ 
=1868 
SIZECII< 
=18CJ+ SIZE SET 
151 
=1864'1; 


=1&65+; *_** .•t"'* 
.•.•***"'**.•.•*~"**•...•.• 
.tt..•*********.•***.** 
=1C74 $EJECT 


R1,1lJ'T!III 
A,~ 


A,@If1 
00TIlSG 
1Il11ll8 


all 
OOTPUT..It:!;SOOHlQ>lflllD 
ItIlY 
fl,OPTIC»l 
IllY 
R1,1(J'T!C»l 
IlOV 
fl,@Il1 


I'IOYf'J 
fl.1!fl 
IR)() 
A, TYPE 
I'ffl 
rd.. ITYrE 
fI)I) 
A,8:1 
CfU 
OOTI1SG 
CRll 
IJf'KE\' 


ITlf'.1ll 
fl,ISIILO 
A..ITlf' 
ftlTlf' 
R9,A 
IIf1I:I+: 
CIllINT 
Illf' 
F:1,1N,K;C»l 
fl, l4:1 


A 
@R1,fl 
OOINT 
A, 1([\' 
ftlKE\OO 
CIllINT 
1rf'KE\' 
IIlHIl1 


inter 
AP·55A 


LOC reJ 
Uti:: 
SIlmSTrlTEI£NT 


=1875 
DATf1ll.K58 


11323 
=18S1l+ 
(JlG 
Be3 


=1884 ; 


=1SSS ;***-*******-***-****-***************--**** 
=1886 ; 
=1887 ; 
Tf1IUS FlJ: PAR"".H 


=1CSS; 


=1009 ;********'1'* 
__ 
*__ 
*_*********************_** 


=1ege; 
=11)91 ; 
TIE C1ABTABLEClJlTAIN'~(ClJlS!Z) 
EN1RIES F~ 
EOCHC~. 
TIE I'I.fIlII«i 
=1&92 ; 
(J" TIE ENTRIES IS flS FlJ..LM 


=1893 ; 
=1894 ; 
ENTR\'II 
rotIff() 
Kl:'t' TO INITIATE 


=1895 ; 
ENTR\'1. POINTERTO lIE 
LIST ~ 
~T1(H; 
flPPLlCAE:l.E10 THIS ClMflIII 
=1896; 
ENTRY2. tuIB[R 
(J" IU£RIC 
PfiR1f'lETE~ REQUIREDE;'l' 1Hl ClJIR(l 
=1897 ; 
9Il23 
=1b'98 CTAB 
EQU 
$ AI«) IlFRl 


1lIl93 
=1099 roolSlZ 
[00 
S 


=19(10; 
11323 1F 
=1981 
00 
KlI'lm, 
Lc.I c.>TAB1,1 
; EXAIl 


8324 :sF 
11325 111 
8326 1E. 
=1902 
00 
KE't'GO,Lc.I c.>TFt3, 1 
;00 


8327 49 
832{; 111 
IlJ29 18 
=1993 
DB 
KEYFIL Lc.I lJ'Tff:l1,3 
;HLL 


832A 11' 
832S 83 
832C 1C 
=1984 
DB 
K£'l'l.ST,Lc.I c.>TAB1,2 
;001' 


8320 3f 
832E Il2 
= 
832F 18 
=1985 
00 
K[\'REC,LlJI lJ'TAB1,2 
;RE~ 


8338 Jr 
8331 Il2 
8332 14 
=1986 
DB 
K[\'REl, LlJI lJ'TfIl1, 8 
; 1<l1.l11D 


un 3f 
8334 8ll 
833S llC 
=1997 
DB 
K5["1B,LlJI lJ'TFt2, 1 
;SET~ 


1J3J6 46 
11337 111 
= 
1l3JS ec 
=1998 
DB 
KCLRB,LlJI lJ'TFt2, 1 
; CLRERK 


IlsJ9 46 
83JA 01 
BIn.; 1D 
=1999 
DB 
KGORES,LlJI c.>TOOs,8 
; GO f·Ra'! RESETSTnTE 


llJSC 49 
IlnD 8ll 
1l3JE IT 
=19111 
00 
!fTH 
; ESClJl 


=1911 ; 
=1912 $EJECT 


inter 


lJ33F 26 
8348 10 
834116 
0342 18 
0343 11 
9344 19 
834~ 95 
IJJ46 2(. 
834? 1R 
lJ3.w % 
8349 2C 
834A 18 
8348 16 
834C 1A 
834D 15 
834E 99 


=1913 , 
=1914 ; 
=1915. 
=1916 ; 
=1917 ; 
=1918 ; 
=1919 ; 
=1928 ; 
=1921 ; 
=1922 lJ'T~1. 
00 


=19'.13 
DEI 


TIE lJ'TIlll 
TfIllE GIVES TI£ ~IWS 
Cf'Tll.f6 FUMD 
F~ 
EfQl 
BASIe ClJrIN). 
flS nuCIIS: 


ENTRYB STARTor TFQ.E (.f fmIFlER 
RESPIlISES. 


ENTRYH fUlKl> 
I('(lIrm: 
KlYSTRO{ESro;.'RESP(N)IIIl TO c.'TIlllS 
8-5. 


I«JTE l111T T1£ LASTBYTEIN EOOI Cf'lllll 
GRlX.fIllS all 
SE~'EN~T 
TO IIt)ICATt: Tf£ 00. 


~TRI'£" 
Kl'r'F'II,/(£VI>",KE1'REG,F:INT 


= 
=1924 
00 
f'8kI(, 1)£,111( 
~ 
C8H 


=1925 lJ'TAIr.:: 00 
STRtIE" 


=1926 
00 
I(EYPr!,m'l>l1 (J! 89H 


=1927 lJ'Tf1ll3. 00 
STRGOC 


=1928 
00 
I«JBRI(,IfJRK,51111 


=1929 
00 
KEI'PRT,K£I'TRfl~ 
0011 


=1938 
$IZ(C11( 


=1933+ 
~IZE ~D 
44 


=1934+; 
=1915+; ._.*40••••••••••••40_._ ••_40.**••__ 
••••_ 


=1944 $lJECT 


inter 


8180 8319 
9102 1l4F1 
8194 A3 


818S e948 
8197 A1 


8180 ~ 
81llA F1 
8180 fl3 
81~ 
F"217 
819E 1)400 


8119 C948 
9112 F1 
9113 17 
9114 A1 
8115 2498 
9117 C4l18 


8019 
8119 31 
811A 37 
911B 3E 
811C 44 
991D 
8110 46 
811£ 49 
911F"48 
9128 4E 
ll121 51 
ll122 54 
ll123 57 
9124 SA 
9125 51) 
91126 
8126 51' 
9127 61 
9128 63 


=1945 
COOEBlK138 


=19S5i 
~ 
2:l6 


=1959 ; WTUTLIJJlM 
lI£ 
lJ' FWl UTIII T\' DI5PUl'/ Prot'TS 
(LEFT Mnnli) 


=1968 ; 
fU(JlI)II«l 
TO fI:C COOTENTS(9- :n. 
=1%1 ; WTClR ClEfI/ DISPlflV AN) 1JJl"f'UTOfllOCTER SlRII«l STAIlTII«l 
=1962 ; 
AT Tl£ IlDDIlESSPOINTEDTO't1i L'YT[HT OOOIlESSIN ACUlU.RTIJ1. 


=1%3 ; 00TIl'"..GSlUWTH£ 
TOClPI' n STRII«l 11- Ell f'ATTrRN!;FRO! I\UI TO Tti. 


=1%4 ; 
DI5PLflVRlGI!.TERS 


=1965 ; 
STRlI«l SlliCTED IS DEffi'Illl£I) 8'l' OCCIKN CfUlD. 
=19t6 ; 
~ 
ENTERII«lWTIf'..G, fI:C (''OO'ENTS/lRE lJSEI)TO fIlORESSA 8'l'TE IN A 


=1967 ; 
LOOQf nlllE 
~ 
TI£ ctmM1 
Pm: 
IIlICII COO"llINSHiE fVl:*ESS (f 


=1968 ; 
A Sn:I1«l lJ' SEGI£NTPATTlRNDATA8'l'lES TODE PRIN1EO ~TO TtI. 


=1969 ; 
DISI'lA\'. 


=1979 ; 
TIE lJI) lJ' Tl£ STRII«l IS Hl>lCfl1EDliEN Em 
=1 


=1971 ; 
Cfl.LS SlU:WTIIf: 
'11>151" 


=1972 ; 
TO OCTlll.LY EFFECT.'UTII«l 
INTOTl£ I>ISPl.AYREGISTERS. 


=19TJ lXJTUTL:roo 
ft, tsTRIJ1L 


=1974 WTCLR: CfU 
CLEAR 


=1975 WTIf'..G· ItJYP 
A,@II 


=1976 
1ft)\' 
SIRTIt', n 


=1909+ 
1m 
IlL ISTRTlfl 


=1991H 
IllY 
@R1,A 


=1!.'94 PRNT2: IftN 
A,!>TRlW 


=2993+ 
IIJY 
111,ISTRTIf' 


=2ll94i 
IIJY 
A.l!IR1 


=2lI9O 
ItJYF' 
A.@R 


=29119 
JB7 
PRNT1 


=2819 
CfU 
II>ISf' 


=2911 
.1It«: 
STRlW 


=2916+ 
IIJY 
IlL ISTRlW 


=2917+ 
IIJY 
A,@R1 


=2921i 
It«: 
A 


=2026+ 
IIJY 
@R1,A 


=29'6 
JII' 
PRNT2 


=2938 P1<NT1: JIf' 
II>ISP 


=2931 ; 
=2932 STRUTL EQU 
=2933 
00 


=2934 
DB 


=2935 
DB 


=293/; 
00 


=2937 5TRC(Jl EQU 
=293il 
00 


=2939 
00 


=2948 
DB 


=2941 
00 


=2942 
00 


=2943 
00 


=2944 
DB 


=2945 
00 


=2946 
00 


=2947 STRIEIl EQU 


DB 


DB 
00 


=21148 
=2lI4S 
=2959 


L!»l $ 
L!»l(DERRal) 
L!»l(DSGIOl) 
L!»l(DWl) 
L!»l(D!lPN1) 
L!»l $ 
L(JI(DIQ» 
L!»l(DOO) 
L!»l(DFILL) 
L!»l(DLST) 
L!»l«(>f:EC) 
L!»l(DllElJ 
l!»l(DS8) 
l!»l(OCS) 
L!»l«()(f() 
l!»l $ 
L!»l(DPRI'E") 
l!»l(OOflI£Il) 
lc.. (I>RII) 


; lXJ1PUTTO I£XT OlflOC1ER POSITI~ 
; IN>lX POINTER 


; UTILITY1BSf&: 
9 fl)[)R[S!> 
; UTILlT\' 1ESSf&: 1 fl.U:ESS 
; UTILln' II:SSI&: 2 lW:ESS 
; UTILIn' lESs/&: 
3 fI)[)R[!>S 


;If.S IC ClJftN) 
9 R[SP(I& 
fI>ORI:SS 
; IlASICClJftN) 
1 REsm&. 
~SS 
; BASICCMfH) 
2 ~ 
fI)I)IlE5S 
; CASICCOlIN> 3 RESPlJ6E fIlDRESS 
; E:ASICWIf1N) 
4 REsm& 
IIlORESS 


; BRSICClJIIlII) 5 J:.ISP(I& illOk£SS 
; IlflSIC ClJftN) 
6 REsm& 
fl>W:SS 


; BASICeatnI) 
.( RESPCJ6EPOOr<ESS 


; Bf6IC eatnI) 
8 REsm& 
lW:ESS 


; OOTAT\'PE PO>IFIlR 9 REsrolSE lW:ESS 
; DflTRT\'P£ PO>IFlET<1 RfSf'lllSE. fl)l)R[SS 
; DIlTATYrE PO>IFIlR 2 R[SP(I& 
fl)[)R[SS 


inter 
Ap·55A 


LOC OOJ 
LINE 
~ 
STIlIDENl 


8129 69 
=2851 
00 
Ll'I(DINTRG) 
; DflTR1Wl IU>IFlEJ: 3 RESro6E 
fl)()R[SS 
812A 65 
=2852 
00 
Ll'I (DI'RIJRI() 
; DRTATWE PD>IFIlk 4 ~"{SFU6E ROOIlESS 
ll12S G7 
=2853 
00 
L~(OOf1(lJ.'I() 
; DlITRTYPEPD>IFIER ~ REsm& 
ftJDRlSS 
BII2C 
=2854 ~ k'GOC EQU 
L~ 
$ 


812C a: 
=2855 
00 
L~(DfOlRI() 
; EXECUlI(ll IQ)l 
IU>IF II:R II 


8120 6D 
=2856 
00 
Ll'I(DIRl< ) 
iE)([CUTI(Jj IQ)l 
PD>lrIlR 
1 


812E a: 
=2f157 
00 
L~(DSS) 
; EX[CUTI(Jj /OlE IU>IF Itii 2 


812f 72 
=295& 
00 
L~(DPA) 
; l)([CUTI(Jj /OlE PD>lrIER 3 


8138 75 
=2959 
00 
L~(DTR) 
; EX[CUTI(Jj /OlE PD>IFIER 4 


=2868 ; 
=2861 ; 
UTILITY M1'IJT II:SSf&:S 


=2862 ; 
=2863 DEf<R(R: 
8131 79 
=2lI64 
00 
811118810 
; -E· 


0132 58 
=2965 
DIl 
8181l1l1l1ll(j 
; ·R· 


8133 58 
=2966 
00 
818191lll9C 
;.~. 


8134 5C 
=2867 
00 
819111ee& 
i ·0· 


8135 58 
=2868 
00 
818111111198 
; ·R· 


813G C9 
=2869 
DC 
119ll11999f) 
i·...• 


=21179DSGIOl: 
8137 99 
=2871 
00 
Il0ll998988 


8138 76 
=2872 
00 
811181198 
i-H· 


8139 GO 
=2973 
00 
811911l11B 
i 
II'$1l' 


813R 79 
=2874 
00 
81111881C 
i-E· 


ll13tl 49 
=2875 
00 
81ll99999E 
j 
1l'_1I' 


81:lC 66 
=2876 
00 
81199119C 
j ·4- 


813D E7 
=2877 
00 
111991118 
; '9. 'n") 


=2878 DlMl: 
81JE 99 
=2979 
DfJ 
Illl9998998 
., , 
, 
9131- 49 
=2800 
00 
8191199998 
;..... 


8149 58 
=2881 
00 
1I1819ll99(l 
i ·R· 


81411C 
=2882 
00 
9lI9111ee& 
i ·U· 


8142 54 
=2803 
00 
818181ee& 
i Il'N· 


814:1 (;9 
=2884 
00 
11llll9OO9El 
ill'· 
• 


=2lleS OOfm: 


9144 n 
=2886 
00 
911198118 
i ·r· 


8145 B9 
=m7 
00 
191111181C 
; IIC.· 


=28CS SlJECT 


inter 
AP·55A 


LOC 
OOJ 
LlNio 
SOEE 
5TATEI£NT 


=2089 
; 
=2899 
; 
PF:11IlRY ClJtfN) 
RESPONSE STRII«:i f'ATIErM.:; 


="1!91 ; 
=2892 
DIO): 
9146 
19 
=2993 
[;f; 
91111901B, 
001119910, 
111191ll91S 
; 'EOt. 
' 


9147 
39 
9148 
F4 
=2894 
000· 


9149 
3D 
=2995 
DB 
001111818. 
1111111998 
; ·GO. " 


914A DC 
=2fl9C DriLL: 
11148 71 
=C((j97 
DB 
91118ll91B. 
99118l1ll9E, 111111llll9B 
; 'f-IL. 
' 


914C 39 
9140 
IlS 


=2898 
DlST: 


91* 
38 
=2999 
DB 
99111llll9B, 
9119119W, 
11111llll9B 
; 'LST. ' 


Ill4/" 
6D 


9158 
F8 
=21119 DREC: 


9151 
3E 
=C(181 
00 
001111198. 
81119911E. 
181119998 
; "lR.. " 


9152 
73 
8153 
IlS 


=2192 
DIl£L~ 


9154 
5E 
=219J 
00 
819111100, 
818181ll91l, 
18111llll9B 
; .ON.... " 


91~ 
~ 
8156 
E8 
=2184 
DSE· 


8157 
6D 
=2195 
DB 
8111111818. 81111888(;, 
111111€lOO 
; 'STB. ' 


8158 
78 
8159 
Fe 
=21fl6 
OCC 


915/l 
39 
=2181 
DB 
99111ll91E. 
99111ll98B, 
1111119lE 
; 'CUs. ' 


815E 
3B 
815C FC 


=C(188 DG:: 


81511 3D 
=2199 
DC 
001111818, 
11818ll88B 
; "GR. " 


815E 
De 


=2119 
$EJECT 


inter 
AP·55A 


LOC 
OOJ 
Lll£ 
SOO1Cl: Sl RTEIENT 


=2111 
; 
=2112 
.; 
1£I1OR',' SPACE IO>IFIE~ 
Cf'T!(Il 
RE~E 
STRI~ 


=2113 
.; 


=2114 
Df'Rtt:" 


91sr 
73 
=2115 
00 
911199110,119199OO1J 
i MPR .• 


9169 
De 
=2116 
00AIt::". 


9161 
S( 
=2117 
()£; 
1I191111llB, 11119111B 
.;·on. • 


91C2 F7 
=211& ~: 


9163 
50 
=2119 
DC 
9191009llB, 
19111181B 
, "Rei .• 


9164 
ro 
=2129 
Df'RIJ:K: 


8165 n 
=2121 
De 
911100118, 
111111001:: 
; .pc.• 


91~ 
rc 
=21;(.1 ~: 


111G7 5[ 
=2123 
DB 
919111100, 
111111908 
j ·00. " 


91re 
FC 
=2124 
DINTRG: 


9169 
76 
=212~ 
00 
1111191100, 1191989ilB 
,'IR' 


916/l De 
=2126 
; 
=2127 
; 
~[sm& MES5ffi($ 
F~ 
GO ClH>ITI(1l 
10> IF We. 


=212V ; 
=2129 
DIOlRK: 


9168 
54 
=2138 
OIl 
919191l1llB, 1111119ge 
;""13. 
II 


1116C Fe 


=2131 
~: 


9160 
lC 
=2132 
DB 
911111900, 
1191999llB 
; "BR. 
II 


91G( 
De 
=2133 
DSS: 
91er 
co 
=2134 
De 
911911918, 
911111191CJ,1111100llB 
; '551. ' 


11179 co 
9171 
n: 
=2135 
Df'A: 


11172 77 
=2136 
00 
91119111C, 
9111119ge, 
1191lMlOO 
,lifER. 
II 


9173 
7C 
9174 
De 
=2137 
liTre 
9175 
77 
=2138 
DC 
91119111B, 
911911111E, 11111llOOB 
; "AST.• 


9176 
GI> 
11177 Fe 
= 
=2139 
; 


=2148 
SIZECII< 


8117ll 
=2143+ 
$IZE 
SET 
129 


=2144+; 


=2145+; *••_****** ••_* ••******••**_****-,************t.******** 
=2154 
$EJECT 


inter 


8llC8 97 
llElC1A7 


~ 
8938 
~4 
1'1 
lI8C5 C6tl7 
~7FB 
8OC89207 
800l 28 


BOC& 47 
eecc 28 
8llCI>J8 
9IlCE 1S 
~J8 
eeoo 3478 
8002 14EC 
llOO497 
eeos 84C7 


8007 FE 
8008 0312 
900fl C6[~ 
9I!OC Fa 
llOOOOJiJ 
900F W:S 


88£1 BA82 
98EJ 249fl 
8ll£5 IJ846 
9l£7 B983 
ll0E9 S4F5 
98ED S3 


=2155 
coomJ( 
45 


=21G&t 
(J1G 
192 


=2164 ; III'OOR IIf'UT DATIlINTOTI«l-·8'/TEPfIlII'£TER IllFFER IIfl1(;flTEDBYRe. 
=2165 ; 
RECEIYltu6:IC 
I([VS rml KE\'BOfIlOOOIL ',' 
00 '. '. 


=2166 ; 
911FT INT:OfC>DRES~BtfF'EI1; 


=2167 ; 
RE-1ll1lE OISl'lRY. 
=2168 ; 
IF tUIlCR IF CalSTfIfl'S I£EDEl) IS 2m), 
I«l I£W f'fI:II£TIJ:S ~ 
1U1KD. 


=2169 ; 
=2178 11f'fU: 
CLR 


=2171 
CPL 


=2172 
It'JY 


=2101+ 
lIlY 


=2182+ 
lIlY 


=2186 
JZ 


=2187 11fro1: 
lIlY 


=21GlJ 
JD4 


=21ll9 
XCH 


=2199 
SlflP 


=2191 
XCH 


=2192 
)(Oil 


=219:S 
II«: 


=2194 
XCII> 
=2195 
CfU 


=2196 
CflL 


=2197 
(U 


=2198 
JIf' 


=2199 ; 
=228ll ; [L!,IH 
II' KEV=',' ~ 
'. ' TI£N REllJlN. 


=2281 ; 
=2'0<'82lLSIF1: 
lIlY 


=2283 
xr<t. 


=2284 
JZ 


=2285 
lIlY 


=2286 
XRl. 


=22lI7 
J2 


=2288 ; 
=2289 ; 
=2218 ; 
=2'111 
lIlY 


=2212 
JIf' 


=2213 ELSIF2: lIlY 
=2214 
lIlY 
=2215 
CflL 
=2216 
RET 


=2217 
SIZECIt( 


=2228+ 
SIZE 
SET 
44 


C 


C 
fl,1Uml 
RLIIUlAIl 
fl,l!R1 
[lSIH 
fl,KEY 
ElSIH 
R,f!R8 


R 
fl,~ 
fl,f!R8 


R8 
fl,@R9 


IJ'DH)R 
IIf'KEV 


C 
IIfro1 


R,K[\' 
fl,IKE'INXT 
ELSIF2 
fl,KE\' 
fl, IICE\'EN) 
H51F2 


LDATR,.2 
~ 
R8,1S(1JR> 
Ri..3 
00lfH( 


=2221+; 
=2222+;__ 
llllllllll 
•••__ 
•••_U••••• 
ll."._ 


=2231 $EJECT 


inter 


8178 
B93A 
817A [)i93 


817C F9 
917l> (,1) 


8171 
5J9F 
11lse 9GlJE 
9182 
D408 
81&4 F9 
8185 
47 
8186 
5~ 
9188 
9692 
818fl l>4OO 


910C 2494 
91SE 0403 
11198 Fll 
IlL'll 47 
9192 
D4f)3 
9194 
Fll 
9195 
D403 
8197 
83 


=2232 
COOEBL.J(3S 


=2242+ 
~ 
376 


=2246 
; Lf1lflDR lf1)fIT[ 
OODRI:SSFlElf) 


=2247 
; 
(LA$T T!irC 
CH"fffiCTERS (f f)ISPLAY) Willi roor<ESS 
IlLfFEk 


=2248 
l.f'Df1DR: IftJV 
If:XTPl., PlUS3 


=2259+ 
IIJII 
1<1.tI£XTPl 


=2269+ 
IIJII 
@R1,1ftlJ' ..3 


=2264 
; 
..: ITE fI)()R INTO ~XT 
TIJ:E[ W'ffi: 
LOCATItJ6. 


=2'c16S L«iOO1: IIJII 
A, t1I18 


=2266 
OCC 
~'8 


=2~6( 
fH. 
B,I9f"H 


=2268 
.1HZ 
f)!>I'H1 


=2269 
au 
III I5/-' 


=2279 
Ill';' 
ru t1I18 


=2271 
Slfl' 
A 


=2'.1n 
fltt. 
A, I9f"H 


=2273 
.TNZ 
DSPI11 


=2274 
CALL 
IIllS!' 


=2275 
JI'f' 
f)!;I'lO 


=2276 
DSPIlI. 
CAlL 
DSPfICC 


=22T1 f)SP!lIf): 
IIJII 
fl, I!R0 


=227lJ 
SWAP 
A 


=2279 
l>SP!'1 
CALL 
DSPACC 


=2200 
[)SPl.O 
rm 
A, ~ 


=2201 
CAlL 
DSPACC 


=22!)2 
11[1 


=2283 
SIZEClI( 
=2206+ 
SIZE 
!.iT 
32 


=2'..'87~; 


=22SC+; *******************************_******_***********_ 
=2297 
$EJECT 


1l1~ 
Bfl94 
1l19A Br82 
019C 7401 
919E 27 
91!1f l>7 
91Ae rc 
91A1 D317 
91A3 C6I)G 
91AS 27 
91AC 3490 


911':3 FA 
81A9 0403 


91R1) B93B 
91AD B11F 
91ff 
14EC 
91!:1 
FD 


9182 
D313 
91El4 969S 
91B6 9429 


9282 
8936 
9294 61 
9205 B3 


9206 lJ" 


8297 
29 
8298 22 
8299 
1A 
9200 11 
I32ll(j 16 


820C 2C 
~2E 
92eE ~ 


=2~JS 
COOEElK :l5 
=2:l98~ 
~ 
48l) 


=2312 
; f~: 
RD'EAT 


=2313 
; 
OOTPUTJ'l:S$AGI; (PEI~roU'R(ft'T) 


=2314 
• 
OOTPUT(LDATA) 


=2315 
.: 
CIU 
IIf'UUlY1E(KEI') 


=2316 
; 
UNTIL KEI'='CLEfJ<Irl,'[YlOO5' 


=2317 
RCRROR: ~o 
Ll>ATA,14 


=2313 
PE~ 
Iffl 
XF'COOE.12 


=231~ 
("u 
xrTEST 
CLR 
A 
Iffl 
f'~. A 
Pm 
A. KEI' 
XRI. 
A,1KE\'ClR 
JZ 
E.~ 


CLR 
fl 
CALL 
lJUTUlL 
Pm 
A, LDATA 
Cfl.L 
OC.ROCC 
IftlY 
KOOro'.rEG1 
IlOY 
Ii'!, 1I(00Il\,f 
I'IO'Y 
@R1,1NEG1 
au 
!If'l([ I' 
Pm 
A. KEY 
Xl\1.. 
A,1KE1'EM) 


JNZ 
RERROR 
M' 
IflIN 
SIZlCII( 
SET 
32 


=2329 


=2321 
=2322 
=2323 
=2324 
=2325 


=2326 
=2327 
=232S 
=2329 
=234~ 
=2341~ 
=2345 
=2346 
=234/ 
=2348 
=2349 
E~2: 


=23~ 
=2:l53~ 
SI2l: 


=2354~ ; 


=2:l55t; ************-,**************~,***********~***********~,***** 
=2364 
; 
=2~ 
COO[[llJ(88 


=230&1 
C¥1G 
512 


=2384 
; I If'lEI1 
I,.,L[""NT 
WMl«) 
=2385 
IIf'Ll.!': 
Pm 
fl, IL()I( JIf'TIA.) 


=2386 
IRlO 
A, IlCtOC 
=2:m~ 
I\OY 
Rl, IBCOOI: 


=2393 ~ 
roo 
A. l!R1 
=2397 
J""" 
PA 


=2398 
; 


=2399 
Jlf'TBl.: 


=2498 
00 
=2481 
00 
=2482 
00 
=2483 
00 


=2494 
00 


=2485 
00 
=2496 
00 


=2487 
DC 


=2488 
DC 


=2499 
; 


=2419 
JTOIIOO: JIf' 
=2411 
; 


=2412 
JTCR£C. 
CLR 


L()I(JTOO» 
L()I(JTOOO ) 
L()I(JTOnU 
LOIl(JT(X.5T) 


L()I (JTCR£C) 


Ll)IOTOREl) 
L()I(COIIS~) 
L()I(roQR) 
L()I(JGORES) 


9212 fl472 
9214 9429 


9216 5497 
9218 9429 


921A 05 
9211l 9S 
921C E4n 
921E 8429 


il222 ~5 
9224 8429 


8228 BA98 
822f1 442£ 


922C llA81 
922E 2384 


9238 r.~m 
9232 61 
l12:n Ai 
92J4F4ll9 
8236 FB 
9237 0313 
0239 C64D 
9238 14EC 


9230 C938 
823F 0191 
9241 0838 
8243 B899 


9245 11931 
8247 8199 
~49 
14C8 
9',4B E634 
924D 8429 


fFILEO 
IflIN 


=2413 
=2414 
=2415 ; 
=2416 J10REL 
CALL 
ff«CIN 


=2417 
JIf' 
"UN 


=241C ; 
=2419 JTl.l.ST: 
CLI! 


=2428 
CPt. 


=2421 
CfU 


=2422 
JIf' 


=2423 ; 
=2424 JTlnl: 
J1f' 
=2425 ; 
=2426 JICW'IL: CIU 
mFIL 


=2427 
JIf' 
III IN 


=2428 ; 
=2429 JGOI\'[!;: JI'I' 
=2439 ; 
=2431 ; COI'aJR Cl»llftt) 
TO CLEfI! DREAKPOINTS 


=2432 Cl«IJR: 
PlJY 
LORTA,18 


=2433 
JIf' 
BRKrIL 


=2434 ; 
=2435 ; CcmsBR ClftflN) 
TO SET BI!EfI(t'OINlS 


=2436 CllISIJR. PlJY 
LDftTfl,'1 


=2437 BRlIFIL: PlJY 
A.14 


=2438 
/IllO 
TYPL n 


=2~4S~· 
PlJY 
F.:L 'TYPE 


=2449~ 
fI)I) 
n,~ 


=2455i 
PlJY 
@Id, n 


=2459 BRkNXT: CfU 
LSTCH 


=2469 
I10Y 
A,1([\' 


=2461 
XI!L 
A, II<E\'E/I) 


=2462 
Ji 
IlRkIJI) 


=2463 
CfU 
IIf'ffi' 


=2464 
/'IllY~, 
f1.1£1 


=2475+ 
PlJY 
111,IIU'K:ON 


=2476+ 
PlJY 
f!IR1,1Pl1£1 


=24S8 
PlJY 
Re.ISIR..O 


=2481 
PlJY 
(IR0, 18 


=2482 
/'I'lOY 
SlftH, 
ZERO 


=2493+ 
I10Y 
R1, .SIHlI 


=2494+ 
PlJY~, 
.ZERO 


=2498 
CALL 
IN'roR 


=2499 
.II«: 
BRt<NXT 


=2""Al9BRKEM>·JI1' 
IflIN 


=2591 
5IZEClI< 


=2594+ 
SIZE 
SET 
79 


=2""...95+; 


=2596+; ***.~'••_* 
•••••••**~'••*-**._ 
••***••*******••••**•••* 


=2515 $EJECT 


F9 


F9 
fFILEO 
III IN 


inter 


8250 11937 
9252 F1 
0253 9326 
825S 3492 
ll257 em 
9259 347C 
92SIl 2348 
925D [)4OS 
l!25f 14FC 
9261 FR 
92(2 47 
9263 D4D3 
ll2CS 
FA 


9266 D41>3 


ll26A FE: 
926B 9278 


82ro fA 


826E 47 
lI2a' ~3f8 
11271B6i'5 
8m 27 
9274 95 
9275 6B 
9276 RR 
92n F489 
9279 4458 


=2516 
COOEClK75 


=2531·1 
ORG 
591 


=~JS 
; EXfI1INEXIfIII£IIQ)IFY 
1£1Ol'l' WIIK>. 


=2536 ; 
DISPUl'r'S I£I6Y 
f1OOI\'E5SSPOCEll'TlIll, 
f'OORl~S 'M..l.(, 
=2537 ; 
REIlY.;1(!:''BOOlO fH) 
INTERIl.'ET5REsrolSl 


=2538 .; 
=2539 ; 
OUTFUT_1'IE5S/lG[~(1Cmt' _SPACLlJ'T IOO<9IA)' =' <DRTfLBVIE>) 
=2548 EXAIlIN: ClR 
F9 


=2541 EXAI'I9: Ift)\I 
A,TW£ 


=~i 
PlOY 
rd., ITVI'[ 


=2551+ 
PlOY 
A,tIIl1 


=~ 
roo 
II, I5TM" 


=2556 
au 
WTCl~ 


=2557 
PlOY 
Re, 1'"..111.0·>1 


=25Sl) 
cru 
lfI)A)1 


=2559 
PlOY 
Po, 1919919llOO 
; '=' 


=~ 
Cfl.L 
lI)lSP 


=25(;1 
au 
LFETa~ 


=2562 
PlOY 
R,LDRTR 


=2563 
SIR' 
II 
=2564 
au 
DSPACC 
=2SC5 
PlOY 
A,LllflTA 


=2566 
CPU 
D!A'OCC 


=2567 ; 
=2568 ; 
=2569 ; 
=2579 ; 
=2571 ; 
=2572 ; 
=2573 ; 
=2574 ; 
=~75 
; 
=2576 ; 
=25n; 
=25i'll ; 
=2579 ; 
=2588 
=2581 
=2597+ 
=2691 
=2692 ; 
=2683 
; 


=2684 ; 
=2CllS ; 
=2686 ; 
=2697 


=2GOO 
=2G89 
=2619 
=2611 
=2612 
=2613 I:.XAIl5: 
=2614 
=2615 
=261(; 


IIf'UTJ(E\'(KEY) 
IF (KE\' IS 001 IUERIC) 
IF (KEY=KEVEN»GOTO PFRSEf< 
ELSEn (KE.V=KE'M:Xl) 
llOEt£NT 
(Slfl) 


GOToEXAI'IIN 
ELSEIF (KEV=KEWREVIWS) 
OCCREI'£NT<SIfl) 
GOTo[XIfII N 
ELSE GOToP[~ 


CIU 
Ift)\I 
PlOY 
JB4 


IIf'1(EI' 
A,KEY 
I:,KEY 
EXRII1 


ff'PEN) DAm 111m (UNHC_<KlY» 
CfU 
LSTlK 
GOToEXAl'fIN 


PlOY 
A,LDRTfl 


$Iff' 
II 
fit. 
A,IllFllH 
JF9 
EXIfl5 
ClR 
II 
CPt. 
Fe 
roo 
ftKEV 
II)'J 
LDRTA,II 
CfI.l 
LST(Jl[ 
Jft' 
(XAIl9 


8278 1>313 
8270 9681 
827F 8429 


82lJ1 Ftl 
8282 0312 
8284 96SA 
8286 34F2 
8288 444F 


82SA n: 
ll2C8 0317 
8200 9693 
82{f 54f4 
8291 444F 
8293 B093 
8295 249fl 


llll£C 
lJIlECI>4C2 
lJllEEIII 
lJllEF83 


=2617 ; 
=2618 EXJII1' 
XRl 


=2619 
JNZ 


=2628 
JIf' 


=2621 ; 
=2622 EXm2: 
=2C23 
=2624 
=2625 
=2626 
=2627 EXAlG: 
=2628 
=2629 
=2638 
=2631 
=2Q2 EXIIM: 
=2GJ3 
=2634 
=2637+ 
=2638+; 
=263~;t __ 
•• __ 
-_ 
•• "_ 


=2&48 
; 
=2649 
COOEElK4 


=2654+ 
~ 
m 


=2658 IPflKl:Y:au 
KIlOIN 


=2659 
IIJY 
KlY,A 


=2669 
I\'ET 


=2661 
SIZECIf( 


=2664+ SIZE 5£1 
4 


=2665+; 


=2666+;•• -.- 
•••• -- 
•••• ---- 
•• ··- 


=2675 $EJECT 


fl,1(1([',00) 
EXIK! 
IflIN 


II)Y 
A.KE\' 
XRl 
A.IKE\'NXT 
JNZ 
EXlII3 
au 
Ir«:SlIl 
JII' 
EXIIlIN 
II)Y 
fl,KEY 
lad. 
fI,1KE\'ClR 
JNZ 
Dmt 
au 
DECSIIl 
JIf' 
EXIIlIN 
II)Y 
lOOTfI,18311 
JII' 
I'6.'Ral 


. SIZECII< 
SIZE SET 
72 


2676 ~ 
IPnUOC( :F9:GOCOIIS.1m) 
=2677 
COOUtK 219 
=2697+ 
lJlG 
1924 
=2791 ; [PR\Jl 
RLtl ElU.RTI~ 
IQ)( 
=2(82 ; 
R£l(A) EI' WIllI SYSTEIlSTRTUS1M) RElERSE. 
=2793 ; 
SEQl£Ia 
IS RS Fll.l(ll5· 
=2794 ; 
IF GlftfH> WRST[RIlItflTED flY TIE '/EXT' 
KEV: 
=2795 ; 
SllJ<E SIfl INTOEP PC; 
=271:16; 
STlJ:E IT PC INTOT(J'··(f-STID: 
(f<U.RTI't{ 10 EI' I""...w); 
=2787 ; 
Pf1S5 EP Re; 
=271lC ; 
PflS5 EI' PSII; 
=2799 ; 
I'RSS Er TIlER; 
=2719; 
PflSS EP OCCltU.RT~ 
=2711 ; 
Il499 2382 
=2712 lJ'RIJf: 
lIlY 
n..2 


9482 3499 
=27B 
tfLl 
IXJTUTl 
=2714 
Ift1Y 
It N.ft:{JI 


9484 8938 
=2723-1 
lIlY 
R1, IN.ft:{JI 


9496 F1 
=2724+ 
lIlY 
R,llR1 


9497 %15 
=2728 
JHZ 
EPCOO 
=2729 
IIIJ\I 
lPl'ClO, Slll.0 


ll499 8939 
=2745-' 
PlO'~ 
Ri.I5Ift.O 


8498 F1 
=2746+ 
lIlY 
R,llR1 


~ 
8924 
=2752+ 
lIlY 
RL 1EPf'Cl0 


84IlE Ai 
=2753-1 
lIlY 
I!F.LR 
=2756 
Ift1Y 
EPf'ClH,51RiI 


949r B931 
=2m+ 
lIlY 
RL.SIHlI 


8411 F1 
=2773-1 
lIlY 
fl. llR1 


9412 892S 
=2779+ 
lIlY 
~L'[I'PCIU 


9414 R1 
=2788i· 
lIlY 
llR1,R 


9415 FE: 
=2783 llUtlT: 
lIlY 
R.K[\' 


941(; D312 
=2784 
XRL. 
It IKE't'NXT 


9418 C61F 
=27&5 
J2 
[~ 


941R 2391 
=2786 
lIlY 
ftl81H 
; STOCKM lE'rU 
DElP TO lno 
lUl< Sl~lIIll 
fllDRESS 


=2787 
Ift1Y 
lPPSll,R 


941C B921 
=2899t 
lIlY 
RL IEPPSII 


941£. R1 
=2C91-1 
lIlY 
llR1.r. 
=~ 
EPCON1: Ift1Y 
lORTR.EPf'Cl0 


941F 8924 
=2821+ 
lIlY 
1<1,1EPf'Cl(j 


9421 F1 
=2822+ 
lIlY 
R,llR1 


9422 Ffl 
=2835-1 
lIlY 
lDRTltR 
=211:nJ 
Ift1Y 
R.EPPSW 


9423 B921 
=2847+ 
lIlY 
ki,1EPPSW 


9425 F1 
=2848+ 
lIlY 
R,llR1 


9426 97 
=2852 
DE(; 
R 


9427 5387 
=2&53 
fH. 
R,I87H 


9429 [i' 
=2854 
Rl. 
R 


942fl 9398 
=2CSS 
fI)O 
It I88H 
=2856 
Ift1Y 
Slll.0, n 


942C 11939 
=2869+ 
lIlY 
RL ISIII.O 


942E R1 
=2878i· 
lIlY 
llR1,R 


9421' f4C3 
=2874 
GIU. 
EPSTtJ: 
=2875 
1m.: 
SlR.O 


9431 B939 
=288&+ 
lIlY 
RLISIII.O 


9433 F1 
=21)81+ 
PlOY 
R, llR1 


8434 17 
8435 Ai 


8436 B921 
8438 F1 
8439 53F8 


8438 ~ 
8430 41 
843E m 
843F F4C3 
8441 &rot 
8443 746A 


8445 8923 
8447 F1 
844ll F4DQ 


844R 8921 
844C F1 
lJ44I) F400 


844F 1m2 
lI451 F1 
8452 F4D9 


84:>4B928 
8456 F1 
84~7 F4D9 
8459 8983 
84511F400 
84511745/1 
845F 8468 


8461 2382 
8463 3488 
846S C918 
8467 745/1 
8469 99EF 


84Q) BS37 
846D F1 
846E 8371 
8478 S3 


=2005+ 
IN: 


=2898+ 
IIJY 


=2893 
ItI)Y 


=2982+ 
IIJY 


=2993+ 
IIJY 


=2997 
fH. 


=2988 
IO:l 


=2914+ 
IIJY 


=C!915+ 
m. 


=2919 
IIJY 


=2928 
Cfl.l 


=2921 EPCNT: If1I 
=2922 
ClU 


=2923 
ItI)Y 


=2932+ 
IIJY 


=2933+ 
IIJY 


=2937 
aLl 


=2938 
ItI)Y 


=2947" 
IIJY 


=2941li 
IIJY 


=2952 
ClI.L 


=2953 
ItI)Y 


=2962+ 
IIJY 


=2963+ 
IIJY 


=2967 
ClI.L 


=2%8 
ItI)Y 


=2977+ 
IIJY 
=2978+ 
IIJY 


=2982 
ClU 


=2983 
m. 


=29C4 
ClI.L 


=2985 
ClU 


=2986 
JIll 


=2987 ; 
=2983 ; CIJGJl GOFrol RE:SETCOIfN) 
=29l)9 ; 
RE:SETPROCESSlJ: 


=2999 ; 
RELCIl)LCIICIlOCRPROGRffIll\'lIS 
INTO~ 
I'EIGY 


=2991 ; 
=2992 ~: 
IIJY 


=2993 
CILl 


=2994 
m. 


=2995 
ClI.L 


=29% 
fH. 


=2997 ; 
=2998 ; 
=m9 ;coo 
=3888 ; 
=3881 ; 
=3882 coo: 
=3811+ 
=3812+ 
=3816 
=3817 
=3818 ; 
=3819 GOTIll: 00 


R 
@R1,R 
A, H'PSIl 
~,1EPI'SIl 
A,@R1 


fLteF8H 
A,EPrCHI 
Ri, IEf'PCIII 
A,@R1 


LOAlf" A 
E!'STIll 
~, IlCII(OY2BAS+OYS 
IZE) 
OYlCll) 
fL EI'I19 
Ri, IO'R8 


fLl'Ri 
EPI'flSS 
A,Ef'PSIl 
RL IEI'f'SW 
A,@R1 
EPPflSS 
A.Ef'TI~ 
IILIEPTIPR 
A,@R1 
EPNl$S 
A,EPACC 
111,IEPIlCC 
R,@R1 
EPPRSS 
P1, I88ll88811B 
EPSTEP 
0YSIlff' 
coo 


fU2 
MUlL 
PLIEI'l&'I 
0YSIlff' 
Pi, .(NOT Ef'RSET) 


SET If' IlR(fI( LOOICF~ 
fl'Pm'RIATr 
IJ.ElI( ~ 
m(JlS, 
D£PIJI)II«i ONClJrnJfTS or 'TVP£', 


fLl't'PE 
RL'TVPE 
R,@R1 
A,IlCII GOTCl 


I!fI 


inter 


&472 76 
&473 89 
&474 76 
&475 89 


&476 99fD 
11478 S5.'91 
&47A 8482 


&47C 99rC 
&47£ 8482 


114!:A F4AC 
940C F4ff' 


&48E 37 
94sr 
FZ15 
&491 C6S9 
&493 OO)A 


&495 ll489 
&497 84Il3 


0498 
8937 
&49D F1 
949E 93A1 
94All 113 


1l4A1 A6 
94A2 BA 
94A3 BA 
94fl4 ffl 
94A5 ffl 


=3828 
=3921 
=3822 
=3923 
=31124 ; 
=3925 CGOPAT: 
=392(; CGOIoI3: AN.. 


=39:!7 
M 


=3l0l 
JII' 


=3929 
; 
=3039 
CG(H) 
All. 


=3031 
JIf' 


=3932 
; 


=31133 CGOTRA: 
=3934 
CGOSS· 
lJ:l 


=3935 
; 
=3036 
; EPRtJl4 5£1 lJ' 
COOTRll. LOOIC TO RtJl W.H'S 
I'ROGRIII. 
=3017 
; 
~:ELEASEPROCES~ 
TO f<lJl. 


=3938 
; 


=3939 
EI'IMl4: 
W. 


=3!l49 
fH. 


=3ll41 
AN.. 


=3842 
CflL 


=3&43 ; 
=3&44 ; 
=3945 
; 


=3946 
[I'RIJU 
CflL 


=3947 
CALL 
crt. 


JB7 
JNI 
JII' 


L()I(CGOII) 
LOW(CGOSS) 
LlIl( CG(f'AT) 
L()I(CG:JTRA) 


Pi, II{)T 99llll8911B 
EPRLtl4 


P2, 19919l1ll99B 
P2, II{)T 890198lil8B 
Pi, lOOT I'O>OOT 
ml[l 


; DISfnE. 
EP Lilt< 
REFEREI«:ES. 


; SET Fl.L 1.'Em.'EInS 
TO ~ 
fn'A\'. 


=3948 
=3949 
=3859 


=3851 
=~.; 


=3853 
; EPRtJl3 n KEI'SlRM 
IllS 
DETECTEDI.HLE 
[PillS 
RlNHNJ. 


=3954 
; 
~fI< 
EXECUllOO, 


=~ 
; 
PROCESS KE','Slm([. 


=3056 
EPRtm: 
CALL 
STSRYE 


=3est 
JIf' 
EPRIJl5 


=3!l58 ; 


=3859 
; EmJl2 
III EInlLED 
[lR[fI< COODITIOO OCClmD. 


=39C9 ; 
IlI\'EAKou.r.T1 
00 1100[, 


=3961 
; 
COOilU 
~INJ 
TO GO WIftI) 
TVI'E. 


=3!lQ 
[F'R1t/2 
CALL 
STSfM: 
=39(;3 
MlY 
n, TI'f'E 


=3072~ 
I'lO\' 
1l1, tTl'PE 


=39?3+ 
I'lO\' 
R,lIIl1 


=3077 
fI)D 
fl, Il()l 
CNTTIl. 


=3978 
JII'P 
@fl 


=3979 
; 
=3981.l CNTTBL: 00 


=3981 
00 
=3982 
00 


=3983 
00 
=39&4 
00 


=3005 ; 


L()I(~) 
L()I([I'R\Il6) 
LOW(EPIDl6) 
L()I(CNTTRA) 
LOW(CNTTRA) 


94Il6 BA8Il 
94A8 24911 


84AAem 
94AC F1 
94/¥) 94F2 
94fF F4AF 
94Il1 F241 


9483 14EC 
ll485 Fa 
ll4B6 D313 
94B8 %C7 
84IJA 14EC 
94BC FE 
9400 D312 
94U" 96C7 
94C1 2382 
94C3 3489 
94CS 8441 


=3886 ; ~ERR 
BREAKPOINTLATCHIllS 5[0, 
Tlnn: 
Elffl(f'OIN1S 
It)T EIRllEDo 


=3887 ; 
DISI'LAYIR1lIoIARE[~~ 
IESSOOE. 


=3988 CR1<ERR:1m 
LDflTA,I0DI 


=3009 
JIt' 
rH11(J( 


=3lI90 ; 
=3891 CNTTl:A:IIf)Y 
=3199i 
1m 


=3181+ 
1m 


=3195 
CIU 


=3196 
CRlL 


=3187 
JB7 


=3188 ; 
=3189 ; Ef'R\JlS IIf'UT(KEY), 
=3118 ; 
IF KEY=OO GO TO PfR'".£R, 


=3111 ; 
IIf'UT KEY, 


=3112 ; 
IF KlYOI£XT 00 TO F'fRSER. 


=:S113 
; 
coolin 
IN SAI£ ImE. 


=3114 ; 
=3115 EI'I<lKi: CfU 
=3116 
It1v' 


=3117 
XRL 


=3118 
JNZ 


=3119 EF"RtH>: CRlL 
=3128 
I'lOY 


=3121 
XRL 


=3122 
JNZ 


=3123 
l'Kly 


=3124 
ClU 


=3125 
JIll' 


=3126 ; 
=3127 ; EPRET 
=3128 ; 
=3129 EPRCT: 
=3138 ; 
=3131 
SIZECfI( 


=3134+ 
SIZE 
SET 
291 


=:S135+; 
=313(;+;**("_*.**_**_._**._**.****. 
__ 
.4_****** 


=3145 $EJECT 


A.DSPTI" 


Ri, 1!>SF'T1" 


fl,lIR1 
DELAY 
KJlI)f'lX. 
EPCNT 


INPKEY 
A,J(E't' 
A,IKEYEtI> 
m,'ET 
INrKEY 
fl,KEY 
fl,MOOT 
Ll'RET 
fl,.2 
OOTUTL 
EPCNT 


EXE:CUTllIlPD>E IS TO BE TERIIllflTEOo 
JlJf' 
IN10 I'ARSERTO INTERPRETffi' FLREADYDETECTED. 
JII' 
I.UN2 


inter 


8589 7441- 
~ 
2383 
9S94 34811 
9506 74511 
ll58B BeSf· 
8S8fl 746A 
esec 8fl29 
850C 2314 
1151891 
115119fDF 
~1J 
8983 
115151'408 
8517 CA28 
85199fU 
8518 e98J 
851D 1'400 


=3146 
COOEBlJ(115 


=3171+ 
~ 
1288 


=3175 ; STSAYEEP STATUSSAYE9.IlROOTHE 
=3176 ; 
FlIlC[ CfU 
TO lOC 814H; 
=3177 ; 
SAYEEP oct; 
=3178 ; 
SfM: Er THG; 
=:S179 ; 
~ 
Ef' P$II; 
=3188; 
SAVEEP RB; 
=3181 ; 
SA't'EEP TlP-{l"- :;TfO: IN EP PC; 
=3182 ; 
k£TIJlN. 
=3183 5TSAYE:Cfl.l 
=3184 
.-w 


=3185 
CfU 
=3186 
ClU. 


=3187 
.-w 


=3188 
CfLl 


=3189 
tJa. 


=3190 
ro', 


=3191 
IIJIIX 


=3192 
fit. 


=3193 
(J1l 


=3194 
Cfl.l 


=3195 
In 


=31% 
IR 


=3197 
tJa. 


=3198 
CAll 


=3199 ; 
=3298 ; 
=J281 ; 
=3282 ; 


EPE:Rl( 
fl,13 
00TUTl 
0YSIIl' 
1\'9,lUll< OY8BAStOYSIlD 
(MM> 
P2, 18819881108 
A,I14H 
l!I'<1,A 
P2, ItlJT 881888888 
Pi, 18888881111 
Er5TEP 
P2, 1881888888 
f'2. IIllT 8881888ll1l 
Pi, 1(0GlAI! 
~ 
EIaN() 


El'SlEI' 


[XECUTIl»/ PROC£SSlJ:IS /OJ nT lOCflll~ 
88911 INTERNAlWITH 


(RET~ 
fIlOO:S5+2) PUSlED l»/ STACK 


~1F 
BOOS 
=:s203 
.-w 
RB,lUll (OYJBflSHNSIZE> 
8521 7461'1 
=3284 
CAll 
0'¥'lM> 


8523 F408 
=5205 
Cfl.l 
Eft'A55 


=3286 
ItIOY 
EPflCC.n 


ll:i2S 8928 
=1219+ 
I10V 
I\1.IEPOCC 


8527 Ai 
=:S229+ 
I10V 
llR1.A 


8S2S 1'400 
. =3224 
CfLl 
EPl'ASS 


=3225 
I'IlOY 
EPTHf(, A 


8S2A 8922 
=3238+ 
.-w 
RLI[f'Tl~ 


8S2C Ai 
=12:s9+ 
.-w 
@R1.A 


8S2I) 1'400 
=1243 
t:fl.l 
EPPfl55 


=3244 
I'IlOY 
EPf'SlI,A 
8S2F 8921 
=3257+ 
I10V 
R1. IEI1'SIl 


8531 Ai 
=~+ 
110',' 
llR1.A 


llSJ2 1'400 
=3262 
Cfl.l 
f.I'PflSS 


=32G3 
I'IlOY 
EPRIl,A 


8SJ4 8923 
=3276+ 
.-w 
RLIEPR8 


8SJ6 Ai 
=3277+ 
.-w 
@R1,A 


~37 
C8Il8 
=3281 
/l)',' 
R8.IUIl(O't'1BR5·fOVSIZE> 
8S39 746A 
=3282 
Cfl.l 
0'¥'l00D 


=3283 
ItKJY 
fl, ErPSW 


~38 
b'921 
=3292+ 
.-w 
rd, IEPPSII 


85JD F1 
=3293+ 
I10V 
fl.llI\1 


llSJE 97 
=JZJ7 
DEC 
A 


85Jr 
5387 
=3298 
fit. 
fl, l871i 


All mnemonics 
copyrighted 
© Intel Corporation 
1976. 


1-125 


inter 
AP·55A 


LOC 1RJ 
LIIE 
SWlCE STATEIf.NT 


8541 E7 
=3299 
Il1. 
R 


85429380 
=3389 
roo 
A.1ll8H 


=3381 
lIllY 
SlR.O.A 
8544 B9J9 
=3314+ 
'I'lN 
RLISIR.O 
lI54G A1 
=3315+ 
'I'lN 
M.A 
8547F487 
=3319 
Cfl.L 
EPFET 
8549 83fE 
=3J29 
roo 
It '-2 
8548 AA 
=3J21 
'I'lN 
LlJA1A.II 


=Il22 
lIllY 
EPPCLO.A 
854C 8924 
=33J5+ 
'I'lN 
Ri.IEPPCLO 
854E A1 
=3336-1 
IlO\I 
@R1.fl 
854F F4C3 
=3:S40 
CfU 
EPST~ 
9551 B9J9 
=3341 
'I'lN 
RLISIR.O 
9553 11 
=3342 
INC 
@R1 
IISS4 F487 
=3343 
CIU 
EI'fTI 
9Sl6 AA 
=3344 
'I'lN 
LDATA.fl 
ll557 5JF8 
=3345 
IN. 
A.'1111ll9ll81l 
9559 2A 
=3346 
XOJ 
It LDATA 
8SSA 1JFF 
=3347 
fI)OC 
A.'-1 
9SSC 5J9F 
=3348 
flN.. 
A.188ll81111B 


=3349 
lIllY 
El'f'CHI,A 
9S5E B92S 
=3362+ 
'I'lN 
RLIU'PCHI 
8S68 A1 
=3J63+ 
'I'lN 
f!l':1.fl 
9561 4A 
=3J67 
0Il1. 
A.LDATA 


Il:i62 AA 
=3J68 
'I'lN 
LDATA.il 


9S6J F4C3 
=3369 
Cfl.L 
ErsT~ 
9S65 Il82S 
=3378 
'I'lN 
~,I£PPOlI 


~ 
347C 
=3371 
Cfl.L 
lJt1R)1 
9569 2340 
=3372 
'I'lN 
It 181999888B 
; "-" F~ 
DISPLflY 


~ 
D4DS 
=337J 
CfU 
lI)lSP 
Il56D 8828 
=3374 
'I'lN 
k8,I£f'fD: 
9S6F 3498 
=3375 
CfU 
D!nID 


8571 l)J 
=3376 
k'ET 


=3377 
51ZEOI< 
9872 
=3J8&+ 
SIZE 
SH 
114 


=IlS1+; 


=3382+; ••*-**----- 
=3J91 $EJECT 


inter 


8297 34CD 
8299 D:JiA 
ll29B ca:9 
929D D3iA 
ll29F D33A 
92A1 9697 


lI2A3 ooee 
ll2A5 14r9 


92117 
El941 
~A1 
92AA 14F9 


820C 8931 
92fE 
A1 
92AF 14r9 


9281 8939 
928:J k1 
9284 14f9 


9286 8942 
9288 A1 


92S9 8941 
92BO F1 
ll20C CCCC 
ll28E 14f9 
82C9 f*l 
B2C1 r490 
B2C3 34/'2 


92C5 8941 
B2C7 F1 
92Cll 97 
92t'9A1 
920l 4489 


~ 
34CD 
82CE D331- 
9200 C6DB 
9202 D33F 
921)4 34BA 
82D6 14F2 


; «(;R) 
;<tF) 
; C(Iffi((l. -l 


; SWITCHBOCI( TO DATAClft1ACTER 
; JOIII 5l.a'OO111E 
fl.WlD\' 
III PROORESS 
;DIITO 


:Jmf 


=3393 OII!CR 
=3394 ClmF 
=3395 CHTRlZ 
=3396 ; 
=3397 
COOEBLK00 


=:J412+ 
~ 
663 


=3416 ; IIl£CIN I£)(FILE 
RECOO>IIf'UT ROOTIIE 


=:J417 It1ECIN: au 
ClfJ:IN 


=3418 
XRl 
A,ICHTRLZ 


=3419 
JZ 
DOE 


=3429 
XRl 
A. ICNTId.Z 


=3421 
XRl 
fl, '(': 
') 
=3422 
JNZ 
It1ECIN 


=3423 
IftJY 
CH(SltI, lERO 


=3428+ 
.-w 
Cfl(SltI, 'ZEro 


=:J432 
aLL 
El'1'TEIN 


=3433 
IftJV 
BlfCNT, fl 


=3446+ 
.-w 
R1, IaLf CNT 


=3447+ 
.-w 
1!I!1,A 


=3451 
au 
El'1'TEIN 


=3452 
1ft)',' 
SIAH, A 


=3465+ 
.-w 
k1.1SIR1I 


=3466i- 
I()'t' 
@1!1,A 


=3479 
CfLL 
8YTEIN 


=3471 
IftJY 
Sl'R.O. A 


=3484+ 
.-w 
Ri, 'SlR.O 


=348Si 
.-w 
1!I!1,A 


=3489 
Cfl.L 
OVTEIN 


=3499 
IftJY 
F.tCTW. fl 


=359ll 
.-w 
Ri, IREC1W 


=3594+ 
.-w~, 
A 


=3598 ; 
=3599 ; IOOTIII f£X DATA8YTE IN 
=3519 fl>ATIN: 1ft)',' 
fl, BlfCNT 


=3519+ 
1m 
k1, IBlFCNT 


=3S29+ 
1m 
A,@1!1 


=3524 
JZ 
k£COOf 


=3525 
CIU 
IlYTEIN 


=3526 
.-w 
lDflTfl, A 


=3527 
au 
LSTlJlE 


=3S28 
au 
II«:SIIl 


=3S29 
It)[C 
BlfCNT 


=3534+ 
.-w 
R1, IBlFCNT 


=353S+ 
.-w 
A,@1!1 


=3539+ 
DEC 
A 


=3544+ 
.-w 
@1!1,fl 


=3547 
JIf' 
IOOTIN 


=JSoW 
; 


=3549 RECOOf: au 
=3SS9 
XRl 


=3551 
Jl 
=3552 
XRl 


=3553 
Cfl.L 


=~ 
CIU 


IInLOC( 
H:If'ILE.IQ) 
EllU 
llDH 
EllU 
IlfIl 
[00 
1ffi 


CIflRIN 
A,'('?') 


CKSIO< 


A, '('?') 


NIBIN2 
D'1'TEI1 


9200 FJ) 
821>9 9GE1 


9200 8942 
ll200 F1 
ll20E C697 


82[1 
IIAllC 
920 
24911 


ll0F9 348S 
ll0F2 47 
89F3 ffi 
ll0F4 3488 


ll0F6 411 
ll0F7 AA 
ll0FS ro 
ll0F9 ro 
ll0FA FA 
99fB 83 


91118 34Cl) 
91BA IBC6 


918(; E6(;2 


91BE IBr9 
91C9 E6CS 


=J:i5S 
=~55G 
=J557 
IftIY 


=35lJi' 
IlOV 


="3'577 
JNZ 


=357t) CKSi'O( 
"".N 


0'J587+ 
IlOV 


=~+ 
IlOV 


=3592 
JZ 


=3593 ; 
:3594 
; [0£ 
I£)( FIL[ ~CTLI' 
r.fCEIVED 


=3595 DIH:: 
~T 


=35% 
; 


=3597 ; ~ 
Cl£CKSlJl EI<Ral IN IIf'lIT RECOO>DUECTlD 


=3598 ~. 
IlOV 
LDATA,I9CII 


=3599 
JII' 
PlRRO<: 
=3689 
SIZEClI( 


=3693+ 
SIZE 
SET 
78 


=3694+, 


:3695+;**--**~-_._*._---"* ....- 
=3614 ; 
=3615 
COOEIlLK12 


=J628+ 
tllG 
249 


:3624 
;B\'TEIN f,.•••TE HI'ln 
~II£ 


:3625 
; 
RECCIYES Tl{) I£)(IDECIIft. 
ClR!flCID:$ 
FRtIl HE 
TM 
IIf'UT OCYICE 


=3626 ; 
fN) 
ASSURES 
TJ£II INTO A 5 Hnl 
ME 
IF DATR 


=3627 ll\'1EIN: 
ClU 
NIBIN 


=3628 BYTEIi: 
'lIf' 
A 


=3629 
IlOV 
LOOTA,A 


=36J8 
CfU 
NIBIN 


=3631 
ImL 
LDATfl.A 


:3648+ 
lJIl 
A.LDflTA 


=3663+ 
IlOV 
LDflTA,A 


=:l664 
f[II) 
A,Clc(SlJI 


:J665 
IlOV 
Clt:SlJl. A 


=3666 
IlOV 
A, LDATA 


=3667 
~ 


=36G8 
SIZECIt: 


=3671 + 
SIZE 
SET 
12 
=3672+; 
=j£7Ji; 
•• __ ** 
_ 


=JbIl2 ; 
=JGS3 
COOEBlK~ 
=369ll 
00; 
449 


=3697 ; NIBIN 
RECEIVES A IEXIDECIIft. 
ClfmID: 
fN) ProOUCES A IflSKEI) rWl 
BIT YILlE. 


=3698 ; 
I«lTE·- ERRa1 ClECKII«i LO£ 
TO ymrv 
I£)(IDECIIft. 
~IDIT\' 


=3699 NIBIN: 
ClU 
ClIARIN 
=3789 NIBIN2: 
AI)I) 
Il,I- Jfti 
=3791 
=3792 
=3783 
=3794 
=3785 ; 
=3786 ; 
=3787 ; 


; (~Sl1. T HI! ~"')' 
CIB:flCTERS IS AS IF 
; 
IJYTEIN Iof1SCfLLED. ) 
A, Clt:SlJI 
A,CWS'-" 
~ 
A,~crvr 


R1, 1RECT\'P 


A,@R1 
~CIN 


; fn=0F6-1lfF 
F(J( CI~TCRS 
'11'-'9' 


; ClOAClES 
) 
'9' 
f'ROOln 
OYEkfllJl 
NIEI3 
fl,I--7 


flSClRR 


; ACC:fI-·5 r(ll 
ClftRftTlRS 
'0'-'/" 


; ~ 
IF CIR!flCTER BElloEEN 's' 
AI«) 'A' 


inter 


91C2 8JrA 
91C4 8318 


1liC6 E6C9 
Ilia: 
83 


91C9 EA8A 
81C1l 249R 


Ili(;l) ()449 


91Cf 5371' 
01D1 83 


; ACC=llfllIHlFFH flli CIftI<OC1E~ 
'8'-'F' 
; ACC=08IHlFH FCR CImlCH.RS 
'8' -'F'; 


; OYE.k'Fllll IF tmYE 
IS TIllE. 


=3?88 NIBI3 : 
fill) 


=3789 
AOO 


=3718 
=3711 
=3712 
=3713 ; 
=3114 
; fl<".£E~ ILLEGfl. I£XlDECl1R. 
ClIlROCTlF: k'[CElYED 


=3715 ASC£~ 
1m 
LDATA,I0fIl 


=3716 
JIf' 
PERRal 


=3717 
SIZECHK 


=3721tt 
SIZE 
SET 
21 


=3721j; 


=3722j ; ************* ••****"******••********* ••*************,********* 
=3731 
; 
=3(32 
; 


=3733 
COOElU 
5 


=3743t 
rnG 
461 


=3741; 
CI~IN 
CIflROCTEF:Hf'Ul ROOTH£. 
=3748 
; 
R(CEI't{S 
OlE 
ASCII CIR1ACTER FROPI 1HE LOOICfl. ~,[rof.R DEVICE. 


=3749 ClflRIN: 
CALL 
CIN 


=3750 
AN.. 
A,I7FH 


=1751 
k£T 


=1752 
SIZECII< 


=3755+ 
SIZE 
5H 
~ 


=3756-1; 


=3757 t; ******••******** •••• ************** •••• ****.****** ••• *"'***.** 
=3166 
; 
=3767 ; 
=3768 $EJECT 


~72 
8931 
8574 r:1 
8S75 8935 
Vfj7l Ai 


~ro 8939 
857A F1 
Vfj7E 8934 


9:>7l> Ai 


957E ooee 
9500 B865 


8582 14FC 
8S84 FA 
95e5 Ail 
8586 18 
Vfj87 B4E2 
9S89 E6% 
9588 
34F2 
esro FB 
858E 9388 
Vfj99 E682 
Vfj92 D4ll9 
9594 A472 


Vfj% D4ll9 
9598 D6fl7 
959A 341>2 
859C EJ8AE 
959E F8 
9591' 03 
95A0 CCA7 
95A2 IJ48I) 
95A4 18 
85AS A49E 
~7 
341>2 
95fl9 231R 


~ 
C4BO 
ll5/ll 
83 


=3769 
COOEDl.K199 


=3794i 
~ 
1394 


=3798 ; If" lLEO f£X FILE OOTPUTSIIlRWTII£ 
=3"799 ; 
liEN 
ClUED 
WITH F9=0 OOTPUTIS STfM)fJlI) lEX FILE FlJM1T. 


=3999 ; 
II£N 
clum 
wm: 
F9=1 00lf'\JT 
IS FlJ:IIA1TED 0A1A DlII' 
TO CRT. 


=3S91 If"ILEO 
IftJY 
I£"n, 
SPAn 


=3lJ17+ 
~ 
R1. t<".Jftl1 


=3S1El+ 
I'lW 
R. @fI1 


=3S24i 
IllY 
R1, II£Itll 


=392S+ 
I'lW 
@fI1,A 


=J82l) 
IftJY 
1£It.0. SlR.O 


=3S44+ 
I'lW 
R1, 1SIft.0 


=3S4~ 
I'lW 
A.K:1 


=3851+ 
I'lW 
[(1.IIEII.O 


=3852+ 
1'lW~, 
A 


=~s 
IftJY 
C11<5(J\.t£RO 


=3868+ 
I'lW 
ca::SlIl, 'ZEro 


=3864 
1Xl'>' 
fill, IHEXBLf 


=3865 
; 


=3866' 
LOO\'TEum I£XT B'l'TE FWl 
1£IOl\' 
INTO fEX BlfFEI.: 


=JBE;7 LOOVTE: CIU 
LFETCfl 


=386lJ 
I'lW 
fL LOATA 


=3869 
!f:N 
@119,fl 


=3879 
II«: 
R9 


=3S71 
CIU 
CIf'IflS 


=3S72 
JI«: 
EN:ifIL 


=3873 
CPoLL 
INCSI1A 


=3874 
!f1l 
R, R9 


=3B7S 
ROO 
A. '-(BlflLN+I£XBlf) 
=3t76 
JI«: 
LOO'l'TE 


=3877 
CIlLL 
tflECO 


=387B 
JII' 
If"ILEO 


=3879 ; 
=3W9 
; EIIlFIL 00 f£X FILE TRANSlHSSI(»l: 
=3001 ; 
PRINT OOT BlfF[~ 
F~ 
LAST DATA~E~D 


=3882 ; 
PRINT OOT ClH£D 
'E~(x-FlLf' 
RE~ 


=38&3 ; 
~l~. 
=3884 EIUIL: 
CALL 


=300S 
JF9 


=38CG 
CIlLL 


=3887 
I'lW 


=J8l)8 EIIlF1 : 
I'lW 


=:ress 
PllYI' 


=3890 
JZ 


=3891 
au 


=3892 
II«: 


=3893 
JIf' 


=3894 1f"l)(H: 
UU 


=3895 
~ 


=3896 
C1l.L 


=3897 
REI 


=3B9S ; 
=3099 ; EOFREC~TER 
SkTIP¥.i F~ 
rfH£D 
EPI>-OF-FILE F:[~ 
r~ 


=3999 ; 
INTEL lEX Fl LE F(JlllAl SlIWAI\'\) 


=3991 E(H'EC: 
DC 
' 
:99Il99991FF' 


~co 
ffDO£ 
lOUO 
~:9, • (L(Il EOFREC) 


A.R9 


fl, I!A 


1f"[)(K 


C1RlO 
fill 
UIlf1 
TCRLFO 
R, ICNTRLZ 
CfflRO 


85B2 38J\13838 
8SB6 38314646 
85tlA 08 


861181'8 
8681 9398 


9693 8941 
9685 Ai 
86QE;341>2 
lI688 2329 
9690 Il4ro 
86EK:0617 
ll68E 233A 
1lE.19Il4ro 


8612 8941 
9614 F1 
9615 3400 


9617 B935 
8619 1'1 
861A3408 


961C 8934 
961E pi 
961F 3408 
9621 B62ll 
9623 27 
9624 3408 
962(; C42C 
962l) 2331> 
8G2AB4BO 


8G2Cro65 
8G2C8632 
9638 C436 
96322329 
9634 EJ4BO 
9636 1'9 
9637 34DEJ 
8639 18 


963A 8941 
963C 1'1 
9631>97 


D8 
8 


SIZECII( 


SIZE SET 
73 


=3982 
=3983 
=3996i 
=3997+; 
=3988·/;__ 
*.*_*4'••••**"*.__ 
*.***.***__ 
"_*** 


=3917 ; 
=3918 ; 
=3919 
COOElll.l(99 


=394~+ 
CJ:G 
1536 


=3953 ; H:lI:COfEXlDEC11ft.RECOO>OOTPUTSEgwa. 
=39S4 ; 
lEX BlFFERfl.REfJ>\'L(ft)(]). 
=395S Ifi:CO: 
I(lY 
A,R9 


=3956 
ADO 
n, '-I£XIllF 


=3957 
IKlY 
EtfCNT,A 


=3979+ 
IlOY 
Ri, IfU'CNT 


=3971i 
I'KlY 
8:1. n 


=3975 
au 
TCRLFO 


=3976 
I(lY 
fI,." 
=3977 
CA..L 
0W1R0 


=3978 
JF8 
rwt'1 


=3979 
I(lY 
A,": 
' 
=3989 
CA..L 
CIH:O 


=3991 
IKlY 
n, ClfCNT 


=3998+ 
I(lY 
RL IBLfCNT 


=3991+ 
ItlY 
A,8.1 


=3995 
au 
CVTEO 


=3996 FWI'1: 
Iftl', 
A,1£11-11 


=4ll8S+ 
IlOY 
Ri,1I£1II1 


=4086+ 
I(lY 
A,@R1 


=4919 
CA..L 
8'l'TEO 


=4811 
IKlY 
A,1Ell.0 


=4828+ 
I(lY 
Ri, IlEll.O 


=4821+ 
I(JY 
A,@R1 


=492S 
CfU 
BYTEO 


=4926 
Jf 9 
FDtJf'2 


=4827 
Clll 
A 


=482C 
au 
BYTEO 


=4829 
JIll 
OOTO 


=4938 FDlIt'2: IllY 
A,"=' 


=4931 
au 
CIfJ/O 


=4932 ; OOTO DAlAOOTPUT 
=4933 OOTO: IllY 
fdl,IIEXIllF 


=4934 OOT01: JF8 
fl)IJf'S 


=4935 
JIll 
FDtJf'3 


=4936 Ft.Of'S: I(lY 
fl.." 
=4837 
CA..L 
0Rl0 


=4938 FDIJf'3: I(lY 
A,@R8 


=4939 
au 
1lYTI:0 


=4848 
II«: 
R9 


=4941 
II)JNZ 
BlfCNT,OOT01 


=4946+ 
I(lY 
ilL IBLfCNl 


=4947+ 
I(lY 
fl,fR1 


=4851+ 
DEe 
A 


1163E R1 
llC3F 962E 


8643 FD 
8644 37 
8645 17 
IlEA(; 3400 
9648 83 


91D22J8D 
91D4 C4Il() 
01D6 2J0fl 
9100 8400 
9100 83 


9100 Afl 
010C GO 
9100 II) 


81DE FA 
91DF 47 
91E0 B400 
01E2 Fn 
91EJ B4BIl 
91[5 83 


91E65J0F 
01ES03F6 
01EA F6EF 
91lC 03JA 
01EE B3 
91EF 0341 


=4856+ 
=4fl60t 
=4962 ; 
=40G3 ; EN>R£C00 
k'EcalI) BEIt«i TRfIaInED 


=4964 IJC)REC:JF8 
FDlJf'4 


=496S 
Iftl\/ 
R,(.lll(~ 


=4981+ 
I«lY 
n, Clf{Slfl 


=4085 
CPL 
A 


=40C6 
IN:: 
A 


=4087 
cru 
BVTEO 


=4008 rDUII'4: I<El 
=4009 
SIZECIt( 


=4892+ SIZE 
SH 
i'J 


=409lt; 
=4094+;••• _.***••••*_•••••_ 
••__ ._ •••••*•••*••••.••• 


=4183 ; 
=4184 
COOEI)lK9 


=4114+ 
CJ/G 
4G6 


=411!l ; TCRlIO Tfl'E (CR)(L8 
lXJTPUT 


=4119 TCRLrO: I«lY 
A,ICIMR 


=4120 
CALL 
CIf'RO 


=4121 
I«lY 
fl, ICIRd.F 


=4122 
(''flL 
C1flRO 


=4123 
RET 


=4124 
51ZECIt( 


=4127+ 
51,E 
SlT 
9 


=4128+; 
=4129+; .>1"••••.•••• 
_ 
••••••••• 
*.**•••_ ••••••*••*.**••••__ ._** 


=4138 ; 
=4139 
=4149+ 
=4153 ; ll\'TEO 
=4154 B\'TEO 
=4155 
=4156 
=4157 
=4158 
=4159 
=4WI 


=41G1 
=4162 
=4163 
=4166+ 
SIZE 
=4167t; 


=4168+;**-**-***-*.*****-*.***_._******- 
=417l 
; 
=417B 
COOEBlK12 


=4100+ 
~ 
4SC 


=4192 ; f£XR'".A:IEXIDECHR. NIBCL[ TO ASCII CImlCTER WNERSI()j. 
=4193 IEXASC:fK. 
fl,'ff"H 


=4194 
OOD 
A,'( -18) 


=4195 
JC 
I£XNIB 


=4196 
flDI) 
fl,'<18+'8' 
) 


=4197 
!lET 


=4198 I£XNIB: OOD 


@R1,A 
DATDi 


COOEBlK11 
CMl 
475 
BYTElXJTPUT 
IlOY 
LDATA,n 
OOD 
A,C1I(Slfl 
IlOY 
CH(SIJI,A 


I«lY 
n. LDATA 


SWfV' 
n 
au 
NlCO 
IllY 
R,LDATA 
CAlL 
NlllO 
RET 
SIZECH( 
!.ET 11 


lI4C9 8927 
ll4CIl F1 
84CC e945 
94CE R1 


84CF B926 
lI4l>1r1 
8402 AS 
8403 8407 
8405 £l999 
94Di' 1:907 


9409 8945 
840B F1 
840C 97 
840D Ai 
840C 9605 
94E9 83 


!lET 
SIZEClIC 
SIZE 
SET 
12 


=4199 
=4298 
=4293+ 
=4294+; 
=4295+; •••._-******._ 
••••_** .•..• 
_ •••••****•••••***••• 
=4214 ; 
=4215 ; 
=4216 DECUflEBITSO.ca61 
=4239 BITSO 
EQU 
11 
=4231 ; 
=4232 
COOEEtK39 
=4252+ 
lllG 
1225 
=4~ 
; IIlI>LAYfft.r -BIT TIll: DElA'l' 


=4257 IIlDlAY· MlY 
H.IIJITHI 
=42(J. 
IlOY 
R1.IIf) ITHI 
=4274i 
I'UY 
R, fR1 
=428&i 
IKlV 
Ri, tH 


=4281+ 
IKlV 
@Ri,A 


=4284 
MlY 
R1,11l1TlO 


=4399+ 
IlO\I 
R1.tHBlTLO 
=4391+ 
IKlV 
A.llI\1 
=4314i 
IlOY 
1!1. R 


=4317 
JIlP 
fIlO1 


=4318 fIlD2. 
IKlV 
R1.19 


=4319 fm1 
DM 
R1,11lD1 


=4320 
I'I>JNZ 
H.fIlD2 


=4J25i 
IlO\I 
R1.tIH 


=432C+ 
1m 
R, 1IR1 
=433&1 
DEC 
A 


=4:S35+ 
1m 
@IU,A 


=4n!H 
JNZ 
fIlO2 
=4341 
RET 
=4342 
SIZECH< 


=434~+ 
SIZE 
SET 
24 
=4346+. 


=4347+. *.•._ ••**.*****~*._.* ••*.~,*••t*•••*.*.*•••*tt*••,*••.•..• 
* 
=4356 ; 
=4357 SEJECl 


inter 


85C8 &94l 
85C2 C181l 
85C497 
95C5 F6C8 
85C7 99BF 
85C9 fMCF 
85CB 8948 
8:iCO llll 
8SCE llll 
85CF 94C9 
lI5D1 94C9 
1151)397 
lI5D4 R7 


85D5 B944 
1151)7F1 
8500 
G7 
lI5D9 Ai 


ll5DR 8943 
850C H 
8500 87 
850C Ai 
85DF 96CS 
8SE1 83 


8649 e<'A3 
8G48 8188 
8640 
4640 
864F 4640 
8CS1 5651 
8653 
5651 
86S5 94C9 
8CS7 5651 
865994C9 


=4358 
=4383+ 
=4387 
;NIOO 
=4388 NIBO: 
=4389; 
=4398 
; CHI!O 
caFAE 
OOTPUTSlOlOOTIt£ 


=4391 
; 
\.RITES TIE COOENTS IF TIE oct 
TO TIE CRT DISf'lAY scm:N 


=4392 
ClflRO: 
IIIJY 


=4485+ 
I(lY 


=4486+ 
I(lY 


=4418 
IIIJY 


=4421+ 
I(lY 


=4422+ 
I(lY 


=4426 
ClR 


=4427 
CO!: 
JC 
=4428 
fH. 


=4429 
JIll 


=4438 
CO2: 
lR 


=4431 
10' 


=4432 
10' 


=4433 C03: 
CfU 


=44s4 
Cfl.l 


=4435 
ClR 


=4436 
crt 


=4437 
I6C 


=4442+ 
I(lY 


=4443+ 
I(lY 


=4447. 
RRC 


=4452+ 
I(lY 


=4455 
=4456 
=4461. 
=4462+ 
=4466+ 
=4471+ 
=4475+ 
=4477 
=4478 
=4491+ 
SIZE 
=4482+; 
=4483+;tC'UC'IIt 
•• _tCOtIIIIIII 
__ 


=4492 
; 
=4493 
=4523+ 
=4527 
;CIN 


=4528; 


=4529 
CIN: 
=4538 
=4531 C18: 
=4532 
=4533 
CI1: 
=4534 
=4535 
=4536 
=4537 
C12: 


COOEBlJ( 48 
IJlG 
1467 
IIlSK oct 
TO IRE 
lEX NIIlIllE.. 
1RfWSUITE: TO ASCII 1M) OOlPUT 


CfU 
I£XASC 


~GC,R 
RLIREGC 
@RLR 


e, BITSO ; SET IUf£R 
IF BITS TO BE TRflQITT£I> 
RLI8 
@R1,IOHSO 
C 
; Cl£RR CfJ:R'l' 
CO2 
PL It«lT 
TTYOOl" 
(;03 
PL.moor 
; EVEN OOT IIIl 
BmDf 
EXECU11f* 111£5 


11lDlfl\' 
IIlDU1Y 


C 


C 
REGC 
; kOTATE CIflROCTER RIIJfT l»£ 
en, 
RLIREGC 
fl,@R1 


R 
@RLA 


; \ I(lYIIIl 
IUT 
I.IflTRBIT INTO CARf(Y 


B, CO! 
; C!ECl< IF CIfIlR;TER 
(1M) STlF III 1(S» 
IXH: 


Id,I8 
fl,@R1 


A 
@RLA 


CO! 


II)JNZ 
I(lY 
I(lY 
D£C 
I(lY 


JNZ 


RET 
SIZECIt( 
SH 
39 


CODEIl.K 47 


IJlG 
1689 
W6a. 
IIf'UT 
SIBlOOllt£ 
IIIITS 
Fill 
If KEYSTROKE1M) 


RETIJ.'NS WIlH 8 flITS 
IN REG oct. 
I(lY 
Id,I8 


I(lY 
@R1,Ill;DATA 
BITS 10 BE REfI) 


JNT1 
CI8 


JNT1 
CI8 


JT1 
CI1 


JT1 
CI1 


CfU 
tm.Il\' 


J11 
CI1 


Cf1ll 
1IlOlfl'I' 


inter 
AP·55A 


LOC,OOJ 
LIfE 
SlU.'CE STRTlJ£NT 


lI62 
94C9 
a4538 
CA..l. 
IIIDl.IIY 


8(5) 
5(,62 
=45'".$9 
JT1 
CIJ 
; (XCI( SID LIfE LEVEl 


865F 97 
=4548 
Cl.R 
C 
; DAm !lIT IN C\' 


86G8 C465 
=4541 
JIll 
CI4 


8f,Q 97 
a4542 CIl: 
Cl.R 
C 


866J R7 
=4543 
U'L 
C 


8664 lJll 
=4544 
IU' 
; EVENOOTII.'fKlI 
EXECU1IlII T11£S 


11665 lJll 
=4545 CI4: 
10' 


lI666 lJll 
=4546 
IU' 


lIf.67lJll 
=4547 
10' 


=4548 
IIlRC 
REOC 


8668 B944 
=4553+ 
1m 
RLIREOC 


866R 1'1 
=4554+ 
1m 
fl,~ 


lI(,Ql 67 
••.•~+ 
RRC 
R 


866C Ai 
=4563+ 
1m 
@R1,A 


=4566 
II)JNZ 
f),CI2 


ll66I) 9943 
=4571+ 
1m 
RLIB 
ew: H 
=4572+ 
1m 
R,@R1 


8678 97 
=4576+ 
DEC 
A 


8671 Ai 
=4581+ 
1m 
@R1.A 


9G72 %59 
=4585+ 
JNZ 
CI2 


=4587 
lIllY 
fl,REOC 


9674 B944 
=4596+ 
1m 
R1, IREOC 


8676 F1 
=4597+ 
1m 
fl,@R1 


8677 83 
=4681 
RET 
; OHlRCTER a:Jf'lEl E 


=4692 
SIZECH< 


ll(f2f' 
=4695i 
SIZE 
SET 
47 


=4686+; 
=4697i; _* __ 
**_U••III••••• 
tt •••••••__ 


=4616 SEJECT 


lI:iD B934 
82E7 F1 
82ES RA 
82E9 F48ll 
82EBB4E2 
82EDE6FJ 
82EF 34F2 


112F1 44E9 
Il2FJ 83 


98FC D478 
llIlrE RA 
9lIFF 83 


8678 B937 
867R F1 
llQIl 837E 
8671)83 


867E S4 
867F 98 
86S8 9C 
8681 A9 
8682 et 
868381 


86S4 0931 
8686 F1 
8(;87 969& 


4617 $ 
Il«l.lDE( H:IEIIlEJ".IQ» 


=4618 
COOEBlJ(15 


=4633+ 
~ 
741 


=4637 ; Cl)FIl 
COlIN> TOrill 
IIlDRESSSPfU 0Cl1EENSIll H EIIl WHH L1fITA 


=46JS ; 
IN Ull BYTEOF I£Il. 


=4619 WFll: 
lIllY 
lDfITA.I£ILO 


~ 
I«lY 
RL1lElt.0 


=4656+ 
I«lY 
A.@R1 


=4669+ 
I«lY 
lDfI"JA.A 


=4672 Lrlll: 
au. 
lS1lJlE 


=46n 
au. 
ctI'IIlS 


=4674 
JI«: 
LrIW 


=4675 
au. 
II«:SIIl 


:.4676 
JII' 
If III 


=4677 LFIll1: 
REI 


=4678 
SIZECIt{ 


=4681+ SIZE S£T 
15 


=4682+; 
=4683+;**__ 
•••••••• 
_ 
••••••• 
__ 
111111 
•••• 
1111111111 
II 


=4692 ; 
=4693 
COOEBlK4 


=469&+ 
IJ:G 
252 


=4782 ; lI-ETCHmOl,!; 
COO'ENTSOFlOOICR. I£IU<',' flOOl(ESSDETmlII£D IlY 


=4703 ; 
<TYPE>,<SIftlI>, 
& <SlR.O) INTOQDflTfI). 
=4704 lmCH: 
CfU 
AFETCH 


=4705 
I«lY 
lDfITA.R 


=4786 
REI 


=4707 
SIZECIt( 


=4718+ SIZE SET 
4 


=4711.; 
=4712+;_**_ 
••• 
11111 
••••••••••••• 
IIIIIIII.IIIIItI 
__ 


=4721; 
=4722 
=47S2+ 
=4756; 
=4757 ; AFETCHlOCiICIl.mOl 
~INE 


=4758 ; 
mCHS COO'ENTSOFYfIlIOOSI£J'OlV SPfUS TOoct. 
=4759 AFETCH:lIllY 
A.T\'PE 


=4768+ 
I«lY 
RL 'T\'f'E 


=4769+ 
I«lY 
A.~ 


=4773 
fill) 
A.IlON LFETa. 


=4774 
JII'P 
I!A 


=4(75 ; 
=4776 lFETBl: OIl 
=4m 
OIl 


=4778 
DE 


=4779 
DE 


=4788 
DE 


=4781 
OIl 


=4782; 
=4783 lFEPfl: 
lIllY 


=4m+ 
IIJY 


=4793+ 
I«lY 


=4797 
JNZ 


=4798 
lIllY 


COOEa.K75 
~ 
1656 


lON lFEf'!I 
lON lFEDII 
lON lFEREG 
lON lFEINT 
lON lfElJ.'l( 
lON lfrBRl( 


inter 


8689 
B9J9 
8600 F1 


960C 83E9 
8G8E F698 


8698 
B9J9 
8692 
F1 
8693 
834E 
8695 
A9 
8696 
F1 
8697 
83 
8698 
94E1 
1l69R Lt 
8698 83 


869<: 1l9J9 
8691: F1 
869F :i37F 
ll6Il1 C6re 
ll6A3 E487 


86fI5 B923 
86117 F1 
86A8 83 


86R9 B9J9 
Il6fII F1 
860C 9329 
86fE A9 
86AF H 
86Il8 S3 


86B1 94E1 


ll6E3 99F7 
86B:i B98S 
86E7 ~ 


86B9 Il981 
96Il8 81 
86IlC 2391 


ll6BE 86C1 
86C8 27 
lI6C1 83 


=4887+ 
~ 


=4888+ 
~ 


=4812 
il)l) 


=4813 
JC 


=4814 
IKJY 


=4823+ 
~ 


=4824+ 
~ 


=482l} 
fill) 


=4829 
~ 


=4838 
~ 


=4S31 
RET 


=4832 
LFEDIl: 
CIU 
Lf'GSI1. 


=4833 
IIlYX 
fl, l!R1 


=4834 
k'lT 


=4835 
; 


=4836 
LFIREG: IKJY 


=4845+ 
~ 


=4846+ 
~ 


=4858 
IN. 


=4851 
n 


=4852 
JII' 
=4SSJ 
; 


=4re4 
LFlRll: 
IKJY 


=4863+ 
~ 


=4G64+ 
~ 


=4S68 
RET 


=4869 
; 


=4878 
LFEINT: IKJY 


=4879+ 
~ 


=4888+ 
~ 


=4884 
il)l) 


=4885 
~ 


=4886 
~ 


=4887 
RET 


=4800 
; 


=4889 
; LFEIlRI( LOOICII. mCll 
IT BREfI(-POINT DATA 


=4898 
LFEERK: Cfl.L 
LPGSEL 


=4m 
ffI. 
PL II«JT 888(118lll!E 


=4892 
(Jll 
1'1, 18Il8818888 


=4893 
ffI. 
PL II«JT 9IIll9881118 


=4894 
lJ1. 
pt, I89889ll81.B 


=4895 
IIlYX 
It l!R1 


=4896 
~ 
fl, t811l 


=4897 
IN I 
LfEBR1 


=4roB 
CLR 
A 


=4S99 
LrEBR1: r..n 


=4988 
SIZECH< 


=4983+ 
SIZE 
SET 
74 


=4984+; 
=49115+;_**_***_* 
••__ *__ 
*_ 


=4914 
$EJECT 


RLI9R.O 
fl,l!R1 
A, .-oYSIZE 


LFEDIl 
fl, SlR.O 


RL ISIILO 
fl,l!R1 


fl,1OYIllr 


RLA 
A,l!R1 


fl, SlR.O 


Id., ISIfLO 
fl, tlR1 


fl, 1811111118 
LfER8 
EPFET 


fl, SlR.O 


RLISIR.O 


P. l!R1 
A, IEPOCC 
Ri,A 
fl,tlR1 


inter 
AP·55A 


LOC IIlJ 
LItE 
SlU:C£ STRTDENT 


=4915 
COOEBLJ(e5 


9789 
=4958t 
~ 
1792 


=4954 ; 
=4955 ; LST~ 
LOOlaL STIllE SlDlWTltE 


=4956; 
STlJlES COOENTSII' LOflTAINTO~1OO5 
IEIU!\' 
SPft:ES. 


=4957 illlllE: 
IIIJY 
f1,TWE 


9789 89Jl 
=4%6+ 
lIlY 
RLIT'If'£ 


9782 Fl 
=4967+ 
lIlY 
f1,Ml 


9783 9386 
=4971 
fI)O 
fI, lUll 
LSTTIl. 


9785 B3 
=4972 
JIf'P 
ff1 


=4973 ; 


9786 IK: 
=4974 LSTTll.: 00 
L(Jl LSTPIl 


1178721 
=4975 
DEl 
L(Jl LSTDII 


1178S26 
=4976 
DEl 
L(Jl LSTREG 


9789 34 
=4977 
DEl 
L(Jl LSTlNl 


978ft 3D 
=497tJ 
DEl 
L(Jl LSTIlRK 


978C 3D 
=4979 
00 
L(Jl LSTIlRI( 
=4988 ; 
=4981 Lsml: 
IIIJY 
f1,SlflH 


978C 11931 
=4998+ 
lIlY 
RLISIfIlI 


878E F1 
=4991+ 
lIlY 
f1,@Rl 


8M 
9621 
=4995 
JNZ 
LSTDI! 


=4996 
IIIJY 
A,SlR.O 


8711 8938 
=5885+ 
lIlY 
RLI9R.O 


87B 
F1 
=5886+ 
lIlY 
f1,fR1 


8714 83E9 
=5818 
roD 
R.I-OYSIZC 


8716 F621 
=5811 
JC 
LSTDI! 


=5812 
IIIJY 
R.SlR.O 


8718 8938 
=5821+ 
lIlY 
RLI9R.O 


871R F1 
:5822+ 
lIlY 
f1,fR1 


8i'18 934£ 
=5826 
fI)O 
R.1OYIllr 


8710 R9 
=5827 
IIJV 
RLA 


871£ FR 
=5828 
IIJV 
fI, LOflTR 


871F R1 
=5829 
IIJV 
@RLA 


8729 83 
=5838 
RET 


=5831 ; 


8721 94£1 
=5832 LSTDI'I: CALL 
LPGSa 


8723 rA 
=5833 
lIlY 
fl,LOflTA 


8724 91 
=5034 
IIJYX 
M.A 


9m 
83 
=5835 
RU 


=5836 ; 
=5837 LSTREG: IIIJY 
fl, SlI1.O 


8726 8938 
=5846+ 
IIJV 
RLISIR.O 


ll728 1'1 
~7+ 
lIlY 
fl,@Rl 


8729 5:l7F 
=5851 
IN. 
A.181111111& 
; Cl£CI( IF Ull lJ:DER BITS = II 


8728 C62F 
=5852 
12 
LSTh'9 


8721>E4C3 
=5853 
JIf' 
EPSTIJl 


=5854 ; 
=~ 
LSTR8: 
IIIJY 
EPR9,LDATA 


872F FA 
=58711+ 
lIlY 
R.LOOTA 


873e 11923 
=5884+ 
lIlY 
RLIO'RIl 


8732 Ai 
=5885+ 
lIlY 
1!R1,R 


8733 83 
=5888 
RET 


=5889 ; 
=5ll99 LSTINT: IIIJY 
fl, SlR.O 


8734 8939 
87.$6 F1 
8737 8328 
8739 A9 
873A rR 
8738 Ai 
873C C3 


8731>94£1 
873F FA 
8740 1246 
8742 8981 
8744 E448 
8746 99FE 
8748 9'!1f7 
874A 81 
8748 0ge8 
8740 C3 


84E1 8937 
84E3 f1 
84E4 S381 
84E6 47 


lI4E"l8931 
ll4E9 41 
84ltl 4348 
84EC]A 


84ED8939 
84EF F1 
84r8 A9 
84F1 83 


=5899-1 
=5188+ 
=5184 
=5185 
=5186 
=5187 
=5188 
=5189 ; 
=5U8 ; LSTIlRKLOOIClI.STlIlE IF BmIC-POINT DflTA 
=5ill 
LSTBRK:CfU 
LPGSEl 


=5112 
I«lV 
fl,LDATA 


=5113 
JB8 
LSTBI::1 


=5114 
(R 
PL I8888ll881B 


=5115 
J1f' 
LST8R2 


=5116 LSTIlR1:fit. 
Pi, II«)r II88lIll881B 


=5117 LSTIJ:2: IN.. 
1'1,IIllT 88981888B 


=5118 
11M< 
A,@R1 


=5119 
()lL 
Pi, 188881888B 


=5128 
REI 


=5121 
SIZECII< 


=5124+ SIZE SET 
7S 


=5125+; 
=5126+;*-***----****-**-**- 
=51~ ; 
=5136 
COOEIllK17 


=5156+ 
~ 
1249 


=5168 ; LPGSEl.LOOICfI.POOESEU:CT. 
=5161 ; 
!US lJ' ran 
2 TOFIlORlSSFf'fm'RIATE ME 
IF f<ffIBLOCK. 


=5162 Lf'GSEl.:lIllY 
fl,TWE 


=5171+ 
I«lV 
R1,1T't'I'E 


=5172+ 
I«lV 
fl,@R1 


=5176 
III. 
fl,I88888llll1B 


=5177 
gn> 
A 


=5178 
IIRI.. 
A,SIAlI 


=51C4+ 
I«lV 
R1,I5IRll 


=5185+ 
(R 
fl,l!R1 


=51C9 
()lL 
fl,181~ 


=5198 
QlTL 
P2,A 


=5191 
lIllY 
fl,SffLO 


=5288+ 
I«lV 
R1,19R.0 


=5281+ 
I«lV 
A,@R1 


=5285 
I«lV 
R1,R 


=5286 
REI 


=5287 
SIZECII< 


=5210+ SIZE SET 
17 


=5211+; 
=5212+;-******_**_ 
••• "._ 
•• _**1111111111 •• 


=5221 i 
=5222 SEJECT 


R1,19R.0 
fl,@R1 
fl,1ENU 
R1,A 
fl,LDATA 
@R1,R 


inter 


81F2 8938 
81F4 11 
81F5 F1 
81F6 96FC 
W8 19 
81F9 F1 
81FA 17 
81FB 31 
81fC 83 


82F4 8938 
82F6 Fl 
82F7 87 
82F8 21 
82F9 96FF 
821'0 1S 
82FC F1 
82fl) 87 
82FE 31 
82FF 83 


85£2 8938 
85£4 F1 
85E5 37 


85£6 8932 
85£l) 61 


85£9 8931 
85£B F1 
85EC 37 


=5223 
COOEIllJ(11 
=523:H 
~ 
498 


=5237 ; I~ 
lraEIDT 
STI1lTIIii 1£IU'l' IIlDRESSlQI). 


=5238 I~: 
1m 
R1ASlR.O 


=5239 1101: 
II«: 
@R1 


=5248 
1m 
A,IR1 


=5241 
]HZ 
IID/1 
=5242 
II«: 
Ri 


=5243 
1m 
fl,@R1 


=52.... 
II«: 
II 


=5245 
XCIt) 
fl,@R1 
~46 
IID/1: 
RET 


=5247 
!>IZECIt< 


=5258+ SIZE 
SET 
11 


=5251+; 
=5252+;.-**-- 
••• 
-**••**---- 


=5261 ; 
=5262 
COOEBlK12 


=5277+ 
(JlG 
i'S6 


=52ll1 ; DECSIIlDECREI£NTSIfl 1n'D. 
=5282 DECSIfl: 1m 
ki, ISIR.O 


=52ll3 
1m 
fl,@R1 


=52ll4 
DEC 
A 
~ 
XCII 
fl,@R1 


=5286 
JNZ 
DECSM 


=5287 
II«: 
ki 


=52l)8 
1m 
Pu lIR1 


=52ll9 
DEC 
A 


=529lI 
XCII> 
n. @Il1 


=5291 DECSlU:RET 
=5292 
SIZlClt< 


=52SS+ SIZE 
SET 
12 


=5296+; 
=52S7·f;_. 
__ 
•• _ 
••*** 
••••• 
__ **. 
_ 


=5386 ; 
=5387 
COO€llIJ(15 


=5:$32+ 
(JlG 
1:J86 


=5336 ; CIf'lflS ClII'AREI£IDlY fllIJIlESSES 
=5337 ; 
caf'fflE 
!>Ill B\'TESWITHOf! BYTESTOOETERIlH£RELATIVEPRJNITWE. 


=5338 ; 
RETLelS WITHCfm'=1 
Iff 
(SIll) )= <EIIl). 


=5339 ; 
IS CII.lED ffT[R ACTI~ fIlS BEENPEI<F(J.'I1lj)~ 
<SIfl) TODETElmH£ IF 
=5348 ; 
TASKIS eat'l.ETED: 


=5341 ; 
IF CV=8no 
(SIfl) )= <EII!) 
=) 
lERflHflTE.TASK. 
=5342 ; 
IF C\'=1 nEN (SIfl) (<Elf\) 
=) 
II«: SIfl fII) REf'(RT. 


=5343 Clf'IflS: ItKJY 
A,SitU 


=5352+ 
1m 
RL I!>IRO 


=5353+ 
1m 
fl,@R1 


=5".$57 
CPt. 
A 


=535ll 
IR)() 
fl,OR.O 


=5364+ 
1m 
Ri, 1Elft.0 


=5365+ 
fI)() 
A,@R1 


=5369 
ItKJY 
It SIAn 


=5:Sro+ 
1m 
RL ISIrnI 


=5379+ 
1m 
fl,@R1 


=53ll3 
CPL 
A 


inter 


85EI>Bm 
85EF 71 
l5'8 83 


=53&4 
IR)OC 


=5398+ 
lIlY 


=5391. 
fI)OC 


=5395CIf'R(T: RET 


=5"".s96 
SIZECIt( 


=5399+SIZE 
S£T 
15 


=5488+; 
=5481.;---*--- 
=5418$EJECT 


R.EIftlI 
R1.IEIftlI 
A,fI:1 


874F B93E 
8~1 
A1 
8752 23F8 
8750462 
87'55 27 
8756 J( 
8757 JI) 


87SS FD 
8759 87 
87S1l 3F 
87S1l 9C 
87SC ffl 


87SD FD 
87'S[ 87 
8i'5r 8346 
8761 Ae 
9762 F8 
8763 JI) 
8764 47 
8765 3E 


87G& rn 
8769 61 
8r6A /fl- 
8768 r688 
8761>EE91 


876F Ime 
8m F1 


5411 f 
=5412 
=5447+ 
=5451 i 
=5452 ; 
=5453 i 
=5454 TIINT: 
=5455 
=5468+ 
=5469+ 
=5473 
=5474 
=5475 
=5476 
=5477 
=547ll 
=5479 
=S4S8 
=S481 
=S4C2 
=5483 
=S484 
=S4SS 


=5486 
=5487 


=5488 
=54S9 
=5499 
=5491 
=5492 i 
=5493 i-**--_* 
_ 


=5494 i 
TI£ t£XT ~TER 
IS 101 BEII«i DISPlAYED. 


=5495 i 
TIE KE't'fO'IlI)SCfIf ~:OOTIIEIS INTEGJ<IlTD>INTOT1-EDI!RR'l' 
SCffi 
=5496 i 
WITHTIE ClJlRENTI\'()l EIUlGIZED, D[CK IF TI£R[ ARE~ 
IhPUTS. 


=5497 i********-**** 
__ 
*__ 
**_*_ 


=5498 i 
=5499 i 
=SS99 ; 
=SS91 
lIlY 


=SS92 NXTlOC:I'IRRC 
=5514+ 
lIlY 


=5518+ 
RRC 


=S529+ 
lIlY 


=5532 
JC 


=5533 
lIlY 


=5534 
=SS3S i 
=5536 i***----_*** 
_ 


=~37 
i 
A ~\'S"[ROO: IflS DETECTEDF~ 
TI£ ~ 
CCl.lI'Il. 
m 


=Ss-.s8i 
rosITION IS IN REGISTrRKEYlOC. su: IF SI1I£ KEY!LN5[D UlST CI'ClL 


=SS39 i****-***** 
**_** 
* 


=SS49 i 
=5541 
=SSS9+ 
=55~1+ 


ItnLU:( 
:F8:KOO.I'll» 
cooallK 
199 
~ 
1879 


KEYfXm) All) DISPlA'l' PROCESSII«iRWTII£ 
CfUI]) 
f'ERIOOICfUI' IILN KIll)IN) DISPI..AYMIO 
BE fLIVE. 


SU 
RBi 
IftlV 
RSAYE,A 
lIlY 
R1. IflSIM 
lIlY 
@R1,A 
lIlY 
fl,.<-1l!H) 
lIlY 
T,A 
ClR 
R 
IIlYD 
PSEGlI, Po 
IIlYD 
PSEli.O,A 
lIlY 
A,Cl~ IG 
DEC 
A 
IIlYD 
f'OIGIT,A 
IIlYD 
Il,PItf'lfT 
lIlY 
F..'OTPflT, 
A 


i ElERGlZE Clml:TER 
; un> 
fill' SIlIlCH ClOSlRES 


A,~IG 


A 
A,ISEGIff' 
R9,A 


A, l!R8 
PSEli.O,A 


A 
f'SEGlI, fl 


ilCR> OCt WI t£XT SEGl£NT PAnm. 
i UfO..E flI'F'm'R lATE SElKHT~ 


ROTCHT,IIOl.S 
ROTPflT 
A.ROTf'flT 


A 
ROTI'f1T,A 
SCfIfj 
KEI'FlG..11 


i ONEBIT IN el' INDICATESI([Y NOTI)(IIl 
i IftI( 
HilT RT lEAST 1M: KEI' IllS DETECTD> 


i \ IN TI-[ amHT 
SCfIf 


A.KE\tOC 
Ri. Il<EYlOC 
fl,@R1 


inter 


8m 2C 
8773 
DC 


8m 
C67C 


9776 
89]) 
8778 Bill6 
8m E4S8 


977C 8931> 
977E 
F1 
97rF C688 
9781 
97 


9782 
[,'9]) 


9794 A1 
97B5 968Il 


8787 f'C 
97Sl} B93B 
978A fl1 


9788 
B93C 


8700 11 
87SE 
ElJ63 
0790 
EDflS 
lli92 008S 


8794 
893C 
0/96 
B1!lll 
ans FE 
9799 
%90 


8l9B 
OCFr 
9790 8[00 


A, LHSTKY 
fl,LASTKY 


$COO 


=5555 
=5556 
=5557 
=5S58 
; 


=5559 ;**********-**--- 
=5S68 
; 
A DIFFEROlT 
KEY IllS 
RrnD lJl THIS C\'CLE TIRl 
lJl II£ 
f'REYIWS 
C\'CLE. 


=5561 
; 
SET IflEPTS 
TO m: DEIlOJa 
PAr<Al£l~ 
F~ 
A I£W CWlTOOfi 


=5562 
; .----********~ 
.••*-*-.**-****.********** 


=5563 
; 
=5564 


=:i5G5 
=5566 
=5567 
; 


=556l) ;*--****~,****-*****-***- 
=5569 
; 
SfIE 
KE\' WASDETECTED 3S lJl Pl-'EVIIlIS C\'CLE 


=5578 
; 
un: RT ti:EPTS: 
IF fl.READ'l' £ERO, 00 I«ITHU«l. 


=5571 
; 
ELSE DECREI£NT If1EPTS. . 


=5572 
; 
IF THIS RESll TS IN ZERO, I«J\IE 
LASTKV INTO KEDClf. 


=5573 
;****••*-**-*.** 
••••~,********* 
••***_.***"**- 


=5574 
; 
=5575 
SCfIl3: 
IlI«lV 


=5584+ 
I()Y 


=5585+ 
I()Y 


=55S') 
JZ 


=5590 
DEC 


=5591 
I'ltUJV 


=5C94+ 
If.l't' 
=~ 
I()Y 


=5699 
JNZ 


=5618 
IftlY 


=5633+ 
I()Y 


=5639·f 
I()Y 


=5648+ 
I()Y 


=5643 
; 
=5644 
SCflN5: 
I'lOV 


=5645 
IN: 
=5646 
DJNZ 


=5647 
CiJNZ 


=564l) 
I()Y 


=5649 
; 


=5658 ;*_ •••****_ ••••_ 
••__ 
••_- 


=5651 
; 
nE Fllil»lING 
COOE SEMNT 
IS USED [''V HE KEVBOO\'DSCfHlING 
rouTI'*:. 


=5652 
; 
IT IS ()([CUTED OIl. \' ftfllR 
fl kEFRESlI SEQl.{I(I 
IS COIf'LET(]) 


=5653 
; *.,*~,***** 
••****** 
••*****_•••*-_*.** •••*••••**.**.** 


=5654 
; 
=56~5 
IftlY 


=".J66Gi 
I()Y 


=5667+ 
IlOY 


=5671 
I()Y 


=5672 
JHZ 


=5673 
ltKly 


=5678+ 
IlOY 


=5682 
~ANS: 
1'1011 


=5683 
; 


=5CB4 ; ******.***_.-**-**_****** 
•.•.••. 
******* 
••.•• 


A, IIl£PTS 
~, 
INi.'EPTS 
A,llR1 


SCANS 


A 
IflEPTS, A 
1:1, III1EPTS 
llRLA 


SC1lN5 
KBOlltF, LASTI(',' 


fl,Ul5TKV 


Ri, IKEOOLf 
llRLA 


; IF fUEfI)',' 
ZERO 


; INDICATE M 
IUE 
soc(''ESIYE 
Kll' 
DETECTIlJl 


; IF DECREl£NT OlE 1«11 RESllT 
IN ZERO 
; TO I'IIRK 
PEW KEY CLOSIJ:E 


Ri, IKEI'lOC 
l.!R1 


ROTeNT,NXTLOC 
~IG, 
TIRET1 
~IG, 
ICIflRNO 


KEI'lOC, ZEro 


RLIKEI'lOC 
llRL .ZERO 
fl,KEVFlG 


SCANS 
L~TKI',PEG1 
LAS1I(',', INEG1 


KE'tfLG,10 


; J\JI' 
IF AN'l' KE't'S WERE DI:TEC1ED 
; CIfl«i( 
<UlSTK\') 
lKN 
1«1 KEI'S ARE D()II 


1379F 893F 
8m1 F1 


"'?A<: Cffi8 
lt7fl4 07 


il7AS B93F 
87A7 Ai 


limB il93E 
87M F1 
07R8 93 


97P.c 1G4E 
8M 83 


;5(;85 .; 


;561'.>6 
; 


;~7 
;56%+ 
;5(.97+ 


;5791 
;5792 
;5793 
;5716+ 
;5(17+ 
;5721 TlRH1: 


;57:10+ 
~7J1'1 
;5735 
;5736 
; 


KOO!D I SP RETURN CODE·· RESTIJ1ES 
5\'STE" 
STATUS. 


I'II'lOI' 
A, RDELA'l' 


I'lOY 
Ri, tk'DELA\' 


I'lOY 
11,~1 


JZ 
TIllETt 


DEC 
A 


MI'KJV 
I\OCUW, A 


MOY 
R1, IROELA\' 


I'm 
@RLIl 
MlY 
A,flSIW~ 


MOl,' 
1<1, 1A'".Jl\IE 


I'lOY 
11,~1 


RETR 


;573B ; TOFF'OL TIm 
OI'ERFLOW POLLI'fi 
$lJl:)ROOTHt 


=5739 ; 
clum 
REPEATEDL. \' FROM WHlJ:EVER KBb/D I SF' MUST III ftl I yt 


=5740 ; 
MOOIT~ 
THEmn 
OI'ERFLOW FLAG 
(TOI') 
A/lI 
CflLLS 
SERYlCE 


=5741 ; 
ROOTINE 
W11ENfll'PROPRIATE. 


=5742 
TOFPOL: 
JTF 
TI INT 


=574] 
RET 


=~744 
SIZI:CHK 


=5747+ 
SIZE 
SET 
97 


=5748,:" 


=5749+.;"*+**,,*,,.*******,,****"***********"******""***-**'********~,* 
=5758 $EJECT 


0GC2 r,fIB 


OCC4 l4Dl 


OCC6 F4AC 


8Wl B93t: 
ll6CA F1 
il6CB F2C6 


96CD 27 


ll6CE 3E 


06CF 3D 


OGC0 37 
aGDl 21 
oc:r)2Sj 


951'1 B846 
95F3 B90S 
~5 
Bll98 
1N718 
95FS E9F5 


ij"Jfl C931l 
acJC C103 
95FE 83 


0603 530f 


, 06D5 03EF 
0r07 
A3 


=5759 
=5789+ 


=5?~4 
,KB[)IN 


=5795 
; 


=5796 
; 


C()O£BLK 17 
GRG 
1730 


KE','BOflRC INPUT ~.uBROUTINE. 
RETURNSONl'~ f1FT[R R NEWKE\'~1RI)(E 
ilfiS BElN Dl TECTED fIND DEBOUNC[I). 


VP,LUEOF I(['t' 
POSITION 
IN ~.wITCfI IIATRIX 
IS 


RETlJRNEClJj TilE flCCUl1ULflTOR. 
DI~.pUW CHflRflCiER trow ON BLi;Ni([D 
&I,I'ORE RETtJ:NINQ. 
IUv' 
Xf'tOf'['.3 
CALL 
XPTEST 


CALL 
TOFPOl 


1'11'10',' 
fi, KWroUr 


1"00V 
R1, lIKBOOUF 


1'1(r~ 
11,~1 
JEll 
KBDI1 
(;LR 
A 


MO'./D 
F'SEGf!I, fl 


ItJIID 
PSEGlO, A 


CPl 
A 
XCH 
A,~ 


RET 
5IZECH!< 
5H 
17 


=5797 ; 


=579& .; 
=5799 KOOIN' 


=5800 


=5001 
KOO11: 


=~02 


=5811, 
=5812;- 


=5816 
=5817 


=5818 
="...319 


=5829 
=5821 
=5S22 
=5823 
=5e2G+ 
SIZE 


=5827+, 


=5C2B+; ******************~,***************************************** 
=5837 
i 
=5838 


=5863+ 
=5i'.67 
i CLEAR 


=5868 
; 


=5869 
; 


=5370 CLEAR: 
=5£71 
=5872 
OOLANK: 


=5873 


=5874 
=51)75 


=5836+ 
=5&C7+ - 


=5891 


=5S92 


COOEBLK 1~ 
ORG 
1521 
IoIllTES 
'BlANK' 
CflARflCTERS INTO ALL DiSPlAY 
REGISTERS 
RETURNSWInI 
NEi(TPL 5£T TO LEFTMOST Cllf'oRACTERPOSII ION 


DOES NOT f1FFECT ACe OR CV 


i'lOV 
R9, '~GMAP 
I'IOV 
Rl, 'CI~1RNO 


1'10',' 
@R9,10 


INC 
1\:0 
DJNZ 
Rl, DBlf;Nl( 
IftlV 
NEXTPL. ClIARNO 


IlOV 
R1, INEXTPL 
I'IOV 
llRl, IOIARNO 


RET 


5IZECBK 
SET 
14 


; STORE TIlE BLfH< 
(;()[)[ 


; POINT TO NEXT CllARACTER TO HJl 
LEFT 


=5S9C+; 


=5897+; ******************,******,.********************,*************** 
=5996 
i 
=5907 
COO[[;LK 44 


=5937+ 
ORG 
1747 


=5941 
.;DSPAI;G DISPLAV Vtll.L[ 
OF LOW NIESLE [f ilCC 


=5942 DSPACC: All. 
A, IllFH 


=5943 
flOO 
A, .DGPATS 
=5944 
I'IOVP 
A, @A 


=5945 
i WDISP 
IoIRITES ell PAlTERN NOWIN i1tC INTO II::XT WARACTER POSITION 


=5946 
; 
OF mE DISPLfl\' 
(NEXTPU. 
INCR£HEN1~ NEXIPL 


=5947 i 
RESULTS IN DISPLA't' IJEING FILLED 
LEFf 
TO RIGHI, 
lBEN RESTllRTING 
=594C IoI>ISP: 
IlOV 
DSPTMP,R 


OC>D9DF84 
9WB 
74D1 


8600 
893A 


860F 
1'1 


96[8 
8345 


96[2 
AS 
960 FE 
06E4 Al 


llt...E5 1l93A 
96[7 F1 
86Ee 87 
86£9 
A1 


86£A 96EE 


OCEC B188 
96EE 83 


86EF 3F 
OCHIIlG 
96Fl 
5E 
ll6F2 
4F 
ll6F3 G6 
1lGI'4 6D 
ll6rS 
7D 
86f6 
97 
ocn 7F 


96F8 
6/ 


96F9 n 
96FA 7C 
86m 39 
96fC 5E 
96fI) 7'J 


96FE 71 


94F2 
893F 


94F4 
A1 


Xf'l"'OOL .4 


:<PTEST 
11,IEXTPL 
Rl. INEXTPL 
11,~~1 
fl, .seCW.r· 
1 
~:1,11 


11.D5f'TMf' 


l!Ji1.11 
/£)(TI'l., WDIsrl 


Rl, IlEXTPL 
A,~1 


A 


@R1,A 


WDISP1 
~Rl, 'CffiR~ 


~949 
I'm 


=5900 
CfllL 


=5951 
I'tItlV 
=5969+ 
/'tOy 


=5961+ 
110.,. 


=5965 
iIXI 


=5966 
Ill" 


=5967 
I'm 


=5968 
I(l',' 


=5969 
I'I)JN<: 


=5974+ 
I(l',' 


=5~75+ 
IlOV 


=5979+ 
DEC 
=5984+ 
/()V 


=5988+ 
JNZ 


=5S':i9 
110" 


=5991 
Illl 51'1: 
RET 


=5992 
; 
=5993 
; DGPAT~ IS TIlE BASE rOR THE TilBli 
iJ" ~GlENT 
f'ATTef<'NSrOR f£X DIGIlS. 
=5994 
; I£RE. TI£ 
FLU 
HEX SET (ll·F) 
IS I NCLLOCD. 
=5995 } 
=59% 
DGPAT~ EQU 


=5997 
j 
=5998 
; n:~IfIT 
IS 
=5999 
; 


=6009 
=6891 
=6092 
=6003 
=6004 
=6895 


=6ll06 
=6807 
=6800 
=6009 
=6018 
=6011 
=6012 
=6013 
=6014 


=6015 
=6016 
=6819+ 
SIZE. 


=6829+; 


=(;821+; **************-************-*-***- 
=6839 
; 


=6831 
. 


=6851+ 


=6855 
; OClAY 


=6856 
; 
=6857 
; 


=6ll58 
; 
=(,859 
DElAY: 


=6872+ 
=6073+ 


00 
89111111B 
De 
990091191) 


00 
81ll11911& 
00 
91981111& 


00 
811001100 


De 
811811818 


De 
91111191& 
00 
ll0OO8111B 
W 
811111118 


00 
81109111B 
DC 
81118111B 
00 
811111llllE; 


I)Ij 
00111901B 
00 
819111100 
00 
911119111E: 
DE; 
91119llll1B 
~IZE(lI( 


SET 
44 


IN 5TANOfRI) SEVEN-Sllil£lfT 
EI£OOII«; 
ClJM:N11~ 


Wl£RE f' f<EPR[$[N1S 
TIE OCCUR. 
POINT 


; SEGl'ENT PATTERN FOR DICiIT '8' 
; ~Gl'ENT 
hmERN 
rOR DIGIT 
'1' 


; !>EMNT 
F'ATiERN FlJ: DIGIT 
'2' 


; SEGIENT F'ATTERN~OR DIGIl 
':S' 


; SlGl£NT 
PATTERN FOR DIGIT 
'4' 
; SEGl£NT PATTERN FOR DIGIT 
'5' 
; SEGl£NT PATlERN FOR DIGIT 
'6' 
; SlGI£NT 
Pf1TTERNF~ 
DlliIT 
'7' 
; SEGl'ENT PATTERN F~ 
DIGIT 
'8' 
; ~GIENT 
PATTERN FOR DIGIT 
'9' 
; SEGI£IfT Pf1TTE~ 
FOR DIGIT 
'W- 


; SHitElH 
I'flTTERN FOR DIGIT 
'El' 
; SElKNT 
PATTERN FOR DIGIT 
'C' 
; SEGIENT PfHTeRN FOR DI(;Il 
'D' 


; SEGl'£NT PATTERN Fll< DIGIT 
'E' 


; !>EMHT 
PflTTERN FOR DIGIT 
'F' 


COOEfl.K 12 
ORG 
1266 
Sl&.'OOTII£ 
IflITS 
FOR TI£ 
PUllER 
(f 
lnI'LETE 


DISI'lAY 
SCII6 
cmlESI'OOII«J 
TO TI£ In CIIlTElfi"S. 


USED WITH CROO[ IUffi 
INT~RrOCES- 
AS \oKN (J'Ef(flTOR SIO.lD 5EE 


SM 
DISPLAY C1fNlE 
IIlIli 
IT IS CIIHiII«i 
IftlV 
roELAY,Ii 
lIlY 
Ri. 1RIlE1.A\' 
lIlY 
1!R1,A 


inter 


94r7 D93F 


&41'9 F1 
&4I'A 9EI:i 
&4I'e 83 


87AF 1lFll5 
87B1 741>1 


87B3 893S 
871lS F1 
87£:6 113 


=6877 0CUI\'1: 
au 


=6878 
Ift)Y 
=6887+ 
lIlY 


=6888~ 
lIlY 


=689'c! 
JNZ 


=6893 
RET 


=6894 
S I2t:CH< 


=6997+ 
SIZE 
SET 
11 


=689S+; 
=6899+;_.*.__.**_. 
..__ 
.. 


=618C ; 


=6189 
COOEBLK8 


~1~+ 
~ 
1%7 


=6148 ; KEOI'Ol. POLL STATUS (f Kl\~ 
Hf'UT ROOlIlE. 
=6149 ; 
RETlJ.'N WIlli 
ACe BIT 7 = 8 IF 1([\'OCm) 
IN'UT 
ff1S BEEN RECEIYED. 
=6158 K8Of'(l.: 
lIlY 
XPCOO[,.5 


=6151 
CflL 
XPTEST 


=6152 
Ift)Y 
A, KIlDBlX' 
=6161·t 
lIlY 
1<1,1KE08IJF 


=61£.2+ 
lIlY 
R,@R1 


=6166 
REI 


=6167 
SlZECH< 


=6178+ 
SIZE 
SE1 
8 


~171+; 


=6172+;--- 
•• ---- 
••• -- 
~181 
$EJECT 


1(ff'OL 
A, F:OCI.A\' 


IlL 1ROClll'l' 


fl,llR1 


OCUlY1 


inter 


8787 8938 
8789 F1 
87BAF400 
87BC2388 
871lEF400 
87C8 F400 
87C2 83 


87C3 FA 
87C4 F400 


87C6 8S38 
8fC8 F1 
87C9 537r 
8leE F400 
87CDF400 
87C1'83 


6182 $ 
I1U00E<.F8 :LINK.11OlI) 


=6183 
COOEI)lK15 
=G218t 
~ 
1915 


=6222 ; IJfET 
FETCHIJi1m Il\'TEFRt11EP INTERIft.RAIlAOO!lE$SEI) 
8\' s'IU 


=Q23 EI'FET: lIllY 
A,Slft.0 


=6232+ 
I'tOV 
R1,.Slft.0 


=6233+ 
I'tOV 
n, tlR1 


=6237 
CIU 
[Pf'AS$ 


=G23S 
I'tOV 
fl,t1l18e80888 


=6239 
au 
U'PAS$ 


=6248 
CIU 
Ef'PflSs 


=6241 
11fT 


=6242 
sIZECIf< 


=6245-l sIZE'!D 
12 


=6246+; 


=6247+;**_*l'****"'**~*"'*'lo********"*_*********_*_""*****. 
=G2S6 
; 
=6257 
coom.K 15 


=6292t 
ORO 
19S7 


=6296 ; EPST~ $T~ 
DATAIN LDAm IN EP INTERIft.RAIlAT(!>IRO) 
=6297 EPST~: 
I'tOV 
R,Loom 


=6298 
ClU 
EF'NlSs 


=6299 
I'I'IOV 
fl,$lR.O 


=638ei' 
I'tOV 
1<1..'SI'IRlO 


=6389t 
I'tOV 
fI,@f(1 


=6313 
1M. 
A,1911111110 


=6314 
CIU 
EPPflSS 


=6315 
CALL 
EPPRSs 


=6316 
RET 


=6317 
SIZEat:: 
=6328+ $IZE 
Sll 
13 


=6321+; 


=6322+;***"'*l'*~'****'.*******.*********.*."'***"'*."'********."'*.** 
=6331 $EJECT 


inter 


8700 8f138 
117l)291 
871)J 99FE 
117DSCge2 
117l>7F40B 
871)9 S1 
117DA8J 


11700F4F4 
11700Il9llfl 
87DFe6rl 
117El E9D~ 
87EJ89111 
illES 744F 
87E7 B8E8 
87E9 746A 
117EB!I9EF 
117EDIlfl9E 
8M 
249A 
81F1 744F 
117FJ8J 


=6JJ2 ; 
=6JJJ ; 
=CJJ4 
COOEBlJ(11 


=6369-+ 
ll\'G 
200ll 


=6J7J ; EPm;s 
PASSESII sI16.E 
f'ffiIfETER E:YTETO TIll Ef' T1Jro6l 
H[ 1IN<. 


=6J74 ; 
~ITE 
T~ calTENTS (F TI£ ACe TO TIt:. 1IN<; 
=6;75 ; 
RElEASETIE [I'; 
=6J76 ; 
Rlro TIE 1IN< INTOTI£ Fa; 


=6J77 ; 
RETtRN. 
=6J7tl El'l'ASs: (J,t 
=6J79 
I'KlYX 


=6:we 
fR 


=6J81 
m. 


=6:lS2 
CIll 


=CJ8J 
I'KlYX 


=CJ84 
RET 


=63!J:l 
512(1)11( 
=6:l83i 
SI2t: 
sH 
11 


=6389.; 


=&399+; *_*t._*~,*.*••_*~·t.**~"*._*l 
__ *_ ••""•••* 


=6m; 
=649ll 
COOCfU 2~ 


=64JS+ 
~ 
2911 


=6439 ; EPSlEr RELEfl<"..£S 
Ef' TO ~ 
IN PRESENTIlOOCLtlTlL ANfYlTlCIPAlED 


=6448 ; 
IR'DWAAE 
SREfJ: OCC~. 


=6441 ; . 
«()l£ TO 5116.[ 
STEPPI,.., 
LINK IJ'COO[ FETCH, (J/ 1IN< OOTA~ETCH) 


=6442 ; 
IIJST 0CW1 WIlHIN II FINITE NlKlER or ClUES 
«40 
If' C'!'CLEs) 
=6443 ; 
~ 
lflTCIroG TlPER WILLRSSltlE A CO'lIUlICilTlfJ6 ERRI)I:; 
=6444 ; 
EJrnEEN TIE If> IN) IT. 
=6445 EPSTEP: CIll 
EPREL 


=6446 
lUll 
Ri, till 


=6447 EPSTE1: JNI 
Ef'sTE2 


=6448 
DJN2 
1<:10EPSTE1 


=6449 
m. 
PL tEPRSET 


=6458 
CfLL 
Ef'CRK 


=6451 
lUll 
I\'\!,1l~(OY1BAS+OY~lZE) 
=6452 
ClU 
OYL~ 


=G453 
All. 
1'1,tl«JT EPRSH 


=6454 
IlOY 
LDATA,'OCH 


=6455 
JI1P 
i'£RR(J! 
=645& U'STE2: CfU 
E~~ 


=6457 
RET 


=6458 
slZECI*< 
=6461i 
SIZE 
SET 
25 


=6462.; 
=646J+; •• -*****--. 
••__ 
**••_ ••.•_. 


=6472 ; 
=6473 ; 
=6474 $EJECT 


f'2, .ee119981l1l 
@Rl,A 
Pl, INOTENBRP.Il 
1'1,IENIllN< 
[PSIEP 
fURl 


; UIlBLE 1IN< WRITES. 
; WRITEACe 10 1IM<. 
; I>ISOOl.[SREflKPOINTS. 
; ~T TO EREflI(ONlIt1< RlFERI:.N(;E. 


87F4 9"Fl 
87F6 898fl 
87F8 9fIlf' 
87FR S984 
87FC &3 


834F 99FB 
8~1 
8928 
8353 8985 
8355 E955 
8357 8R48 
8359 83 


8J5A fl86S 
835C1l917 
835E 2348 
8~3R 
8361 CO 
8362 C9 
8363 81 
8364 28 
8365 91 
8366 F9 
83679661 
8369 83 


COOEIllJ(9 


~ 
2836 
RElEASESEP TO RIJj IN Il.'E$OO' 10)(. 
Sl:llI..CNCEIS AS Flll(»lS: 
PUTI(JG\' 
fJ.'ml' IN EP IIX)E; 
RAISE ISSTEP; 
I\£TIIlH. 
fit. 
In 
fit. 
ora. 


RET 
SIZECI« 
SET 
9 


=6475 
=(;5181· 
~14 
;IJ'R[L 


=6515 ; 
=6516 ; 
=6517 ; 
=6518 ; 
=6519 m:a.: 
=6528 
=6521 
=6522 
=6523 
=6524 
=6527+ 
SIZE 


=652St; 
=(;529+;.****-***-** __ *•••••• 
11111 
••••••11_- 


=65J{) ; 
=6519 ; 
=6548 
=6S!l8i. 
=6584 
; EPlJ.'I( 


=6585 ; 
=6586 ; 
~7; 


=6500 
; 


=6589 1J'IlRI(: 
=6598 
=6591 
=6592 
=6593 
=6594 
=6595 
~9C+ 
SIZE 


=6599+; 
=668&+;***••*••**-* ••***--_* 
•••• 
_-111.- 


=6689 ; 
=6618 ; 
=6611 
COOEBlJ(16 


=6651+ 
ff<G 
C5& 


=6655 ; OYSIA' lMRlRY !lIP. 
=665/; ; 
SIH'S BlOCK(F DFllffl'1'TES(USER'S PRIXl<fIl) IlETIEEN'" 
I\'fII & EP PIl. 


=6657 OY'".JiIlP:I'KlY 
Rll.IOYDlF+OYSIZE 


=665& 
I'KlY 
111,IOYSIZE 


=6659 
I'KlY 
Pu I81I11l81l1l1l1l 


=6G68 
WTl 
fr2,A 


=6661 0YSW1: DEt 
R8 


=6662 
DEC 
R1 
=6663 
IIlYX 
II,@R1 


=66Vt 
XCI{ 
fl,@RII 
=6665 
IIlYX 
@li:LA 
=6f.66 
I'KlY 
A,R1 
=Wi? 
JNZ 
0YSW1 


=6668 
RET 
=6669 
SIZECII{ 
=6672+ 
SIZE 
SET 
16 


PL II«lT w.g:F 
Pi, ICU.1lFF 
f'2, II«lT 81111l81l1l1l1l 
Pi, I8IlIl881ll1lB 


; ClEAR 8I-'IJI( FIF. 
; RE-0ftlE 
8R£II( f IF. 


; EIRllE EP Cl»lTRa. (F lEI! ~ 
; fREEU' TOM 
OOIl BmK 


COOEBlJ(11 
~ 
847 
REGAINCl»lTRa. (F 1tJG\' 
FmN rm. EP 
om' 
ISSIEP; 
IIlIT 39 USECS.; 
PUT~ 
Aml\' 
IN If' IIX)E; 
RETlIM 
fit. 
In 
I'KlY 
I)JNZ 
ora. 


I\'El 
SIZECI« 
SlJ 11 


Pi, II«lT 1lll9llIl181l& 
Pi,MllOOT 
RLIS 
R1,$ 
f'2, I81Il81l81l1lO 


; FRlEZE ElU.RTION PROCESsal. 
; Siaft. 
G' IS I«JT RlHlII«i USERCOOE. 


; DElIl'l' FOREf' TO FINISH INSIROCTION. 
; SEIZE Cl»lTRa. or PIJl fllRf:'l'. 


inter 


836R Ern7 
8:l6C 2349 
836E 3ll 
836r 
C8 
8378 C9 
8371 F8 
8312 E3 
8373 91 
8374 F'9 
8375 9G6F' 
8377 83 


=6673i; 


=6674+; **••••*..._--* ..*_...~'....-*--- 
=66lJ3 ; 
=G684 
COOEBlK14 


=6724i 
lJ.'G 
874 


=6728 ; OYltm 
(MRlA',' 
Llm. 
=6729 ; 
~ 
()LOCI((F DATf£VTE5 (r.s~1IliD 
5lJ.EE) 
fRal 
f'G3 10 IT PfI. 


=6739 ; 
TlI' (F 
DATA£l.0Cl( 
LlB>ED fN) £l.0CI( LOOTfi DETERIlUI:DIl't' k9 IN) R1. 


=6731 OYltm: 
I9JY 
111,IOYSIZE 


=67"12 
I'lIV 
A,t91999ll99f) 


=C733 
OOTL 
f'2, A 


=6734 M01: 
DEC 
R9 


=6735 
DEC 
~1 


=6736 
I9JY 
n, R9 


=(,737 
11M3 
fl, llfl 


=6738 
ItJYX 
l!I11,A 


=6739 
.-JV 
f~111 


=6749 
JIlZ 
M01 


=6741 
RET 


=6742 
51ZECHK 


=6745+ 
SIZE 
SET 
14 


=6746+; 


=6747+; -_.***••***"***--**--*****_ •••••••••••• 
=6756 $EJECT 


8378 
8378 
8378 1489 
837R 88 


837B 
837D 1489 
8~7D 88 
837E 88 


837F 
837F 1489 
8381 88 
8382 88 
838388 
8384 88 
83&5 Il8 
8386 88 
838788 
8388 88 
IlJS9 88 
8J8fl 88 
8388 88 


8J8C 
IlJSC 84lY..l 


=(;l'Sl ; 
=6758 ; --------------------- 
=6759 i 
=(;768 ; 
=6761 ; 
=6762 ; 
=6763 i 
=6764 i ------------------ 
=6765 ; 
=6766 
=6771i 
=6775 ; 
=677&illY&- 
=6mi 
=6778 i 
=6779 ; 
=6788; 
=67ll1; 
=6782 ; 
=67e3 0Y8IIflS EQU 
=6784 IJlG 
0YIlIIfIS 


=6785 
au 
009H 


=(;786 
10' 


=6787 i 
=6788 IJlG 
=(;789 
=6798 
=6791 
=6mi 
=6793 IJlG 
=61'94 
::(;l'J5 
=6796 
=6797 
=6798 
=6m 
=6888 
=6891 
=6882 
=6883 
=6884 
=688S 
=6006 i 
=WIl7 (.flG 
=6888 
=6889 ; 
=6e18 
SI<1:CII< 


=6e13+ 
SIZE 
SET 
22 


=f.814+; 
=f.815+;*-**-****-*._--*- 
=6ll24 $EJECT 


11£ REST(I' 1HIs IQ)(li 
COO"AINSTIE "iNHOm~ 
lIliCH lMWl\' 


THEElU.ATlIll f'ROCES~ ~ 
RfI110 GIVE1HE 
IIlSTERPROCE5~ fDBS 10 INlERlR. REGISTERS!HI r<fII(J THEEf'. 


DflTfG.K 22 
IJlG 
sas 


IMRlAY 10 IlREfI(EP EJ(ECUlIlIl IN) JIll' 
TOLOCATlIll889H. 


LOCATlIIl889H REOCHEJ)IIITH TlJ'-IF-STIU 
:: kETlJ:HII>DRESS+2 
DlE TOFlRCEO·CIU· 
DUlINGIIlICH PC IllS I~NTED. 


L~ 
88JH & 8871-1CIU lI89H ro sIIUJlTE StlI£ C(H)ITIIIl 
IF IlREfI(0CCI.flSlllRING INlI:RI.'IJ'TC\'CLE. 
sam COO[FlJI "iNI-fOm 
lJI lJYEJ<I..IMI)0Y9: LlIl lJ10ERPI/(Q(ffl r<fII. 


0YIlEfl5+887H 
CIU 
889H 
10' 
10' 
10' 
10' 
IU' 
10' 
10' 
to' 
10' 
10' 
10' 


0Y8IIAS+814H 
JIf' 
889H 


83SE 
83SE 
838E lI48ll 
8398 88 


8391 
8391 83 
8m 88 
8m 88 
8394 88 


8395 
8J95 83 
83% 88 


8397 
8397 98 
8398 42 
8m 98 


8J9A C7 
8398 7611 
8390 53F7 
8311 
8J9F 98 
8J1lll C5 
83111FC 
83112ll489 


DATfIllK22 


t1!G 
918 


=6825 
=6838+ 
=6834 ; 
=6835;00- 
=61)36; 
=6837 ; 
=6838 ; 
=6839 ; 
=6848 0Y3IIAS EQU 
=6841 t1!G 
0Y3IIAS 


=6842 
Jlf' 


=6843 
10' 


=6844 ; 
=6845 t1!G 
=6846 
=6847 
=6848 
=6849 
=6858 ; 
=6851 t1!G 
=6852 
=6853 
=G854 ; 
=6SS5 t1!G 
=6S56 
=6857 
=6858 
=C8S9 
=6S68 
=C861 
=6862 0Y3B1 
=6863 
=6864 
=Gl65 
=G866 
=6867 ; 
=G868 
SIZEOI( 


=6871+ 
SIZE 
SET 
22 


=6872+; 
=6873+;---*---***-*- 
=6882 ~JECT 


tM:RlR'l' TOSRYESTATUSDATAIFTER llREAK. 
oct, Tl~, 
PSW(WITHF1), 
& RAIIlOC 8 PASSEDSEQUENllfUY 


10 ~. 
sam 
rolE F~ 
"INI-fl:WIT~ 
0YERUl\'EO(MIl l~ 
lJ.'DEk f'RQi9l 
RffI. 


rN38AS+883H 
RET 
10' 
10' 
10' 


OVJBAS+887H 
R£T 
to' 


rN38AS+889H 
~ 
l!I:Q,A 
I'IJY 
A,T 


~ 
@R8,A 
I'IJY 
fl,PSW 
JF1 
OV381 
fH. 
A,.111181118 
EQU 
~- (l~ 
0YJIIlS) 


~ 
@R8,R 
sa 
~ 
I'IJY 
fl, R9 
JIll 
889H 


inter 


83A7 
83A7 GJ 
83A8 88 
83119 88 
83/fl 
88 


83ffJ 
8J11l 83 
8311: 88 


83AE ee 
83/lF R8 
8388 ee 
8381 F213 
8383 28 
8384 All 
8305 8489 


DflTfIlU( 22 


(f1G 
932 


=6883 
=688!)+ 
=6892 ; 
=6893 ; 0Y1.. 


=6894 ; 
=6S95 ; 


=6896 OY1BflS 
EQU 


=6897 ; 
=6ll98 
=6899 
=6988; 
=(,981 lJ:G 


=6982 
=6993 
=6994 
=6985 
=699(;; 


=6997 lJlG 
=6988 
:(;989 


=6918 ; 
=6911 ~ 
=6912 
=6913 ; 
=6914 OV181 
[(llJ 
=6915 ; 
=6916 
=6917 
=6918 
=6919 
=6928 
=6921 
=6922 
=6923; 


=6924 0Y1B2 
EQU 


=6925 ; 
=6926 
=6927 
=6928; 


=6929 
SIZECH< 


=6932+ 
SIZE 
SCT 
22 


=6933+; 


=6934+;-*--__ 
**_••11 


=6943 $EJECT 


OVERLAY1 10 GIVE II' OCCESSTO EI' RffI LOCS 81It·7fH. 
SW£E 
COOl: r~ 
"INHOm~ 
lM:Rl.AYED OVER LIII 
CIlDU: I'I!IXlml r..1Il. 


OY1BflS+987H 


F.'ET 
10' 


OY1IlAS+989H 
I'mX 
@R9,fl 


fl,((1R9 


R8,A 


fl,@1i.'8 


0Y1B2 
fl,R8 


@Ii.'8,fl 


88SH 


9380 
93ro 81 
938E 99 
9lBF 
Kl 
93C9 99 


9le1 
9le1 
83 
9lC2 
99 


93C1 
9le1 
99 


9le4 
t:8 
9leS 
AS 
9lC6 
89 
9le7 
Dl 
93C9 AS 
93C9 ES 
9lCfl 
7213 
9lCC AS 


9leD 
89 
93CE 62 
9lCF t:8 
9JD9 91 


DflTfIlI.I( 21 
lJ:G 
9S4 


=6944 
=6949+ 
=6951; 
=6954 ; (H2.. 
0't'ERlRY TO RESTlJl[ EP STATUS SIlY(l> (Jj Ill\'EA( Iff) ~ 
USER'S PRWlfI!. 


=6955 ; 
sam 
COO( F~ 
"INHOm~ MRLA'ltJ) 
OYERUll !m.R 
F'ROOr<f1l RfI'l 
=6956; 
::(;957 0Y28AS 
EQU 


=6958 (JlG 
0Y28AS 


=6959 
"'" 


=6968 
10' 


=6961 ; 
=6%2 
ORO 


=6961 
=6964 
=6965 
=6%6 
::(;967 ; 


=6968 
ORG 


=6969 
=6979 
=6971 ; 
=6972 ORG 
=6971 
=6974 ; 
=6975 
=6976 
::(;977 


=G978 
=6979 
=6989 
=6981 
=6982 
=6933 ; 


=69C4 0V281 
EQU 


=6985; 


=6986 
=6987 
=6SCll 


=69lJ9 
=6999 


=6991+ 
SIZI: 
=6994'~; 
=6995+; ••.••••• 
__ 
._ 
•• _ 
••• 
_ 


=7994 $EJECT 


OV2IlflS+99JH 
RET 
10' 
10' 
10' 


0Y2IIfIS+999H 


PlOYX 
1!R9,A 


/1M( 


f()V 
/1M( 


f()V 
ClR 
m. 


JB3 
ClR 


A.1!R9 
RIl,A 
A.1!R9 
I'SW. A 


F1 
F1 
OY2&1 


F1 


/1M( 


f()V 
/1M( 


RETR 
SIZEOI( 
sa 
23 


831)1 
831)1 I)l89 
83D3 Ilfl 
831)4 9fl7F 
8306 F2l>9 
8300 83 
8309 F5 
83DA8488 


83DC 
8:lOC28432931 
83£8 :r.mme 
83£4 494E544:i 
83£8 4C 


8188 
88FD 
8188 
88E9 
88fl) 
88f} 


88FF 
88FD 


789S ; 
7886 
COOEW(11 


7946+ 
~ 
977 


i'858 XPTEST: (R 
P2, Il:al 


7851 
IN 
A. P2 


7852 
fH. 
f'2, I (I«)T Gal) 


78SJ 
JIl7 
$+3 


78S4 
RlT 


78S5 
SEL 
I'l1 


78S6 
JIt' 
E08H 


78S7 
SIZECII< 


7868+ 
SIZE 
SET 
11 
7961+; 


7862+;-*-************************-*-**-*-*- 
7871 ; 
7872 
7112+ 
7116 


7117 
SIZECH< 


7128+ 
SIZE!;ET 
13 


7121-1; 


7122'~;-***************-*****---***** 
7131; 
7132 ; 
7133 
7135+ 
7136+ 
7137+ 
7138+ 
7139+ 
7148+ 
7141+ 
7142+ 
7143+$[JlCT 


COO£Bl.K13 
(AlG 
9re 
00 
'(C)1979 
INffi' 


R'"..>O.m 


PGSIZE 
PGSIZE 
PGSI2E 
PGSIZE 
PGSIZE 
PGSIZE 
PGSIZl 
PGSIZI:: 


~888I1 
~1-1(Ql 
(W'G2-288Il 
0Rt]'G3·~ 
lJlGrG4"488I1 
lm'G5-588H 
~-688f1 
~GPG7··788Ii 


; EYTESUSEDl)l 1'roE II 
; BV1E~ USEDl)l PfG 
1 


; B\'TES taD 
l)l POOE2 
; BVTE~USEDl)l PAGE3 
; BYTESlr.>ED l)l 
PA(i: 4 


; BVlES USED!II PffiE S 
; BYTESUSEDl)l PAL 6 
; BYTESW....u> 
00 PlH 
7 


inter 
AP·55A 


LOC lRJ 
L11£ 
SIXRCE ~IATD£NT 


7145 i-***-*-*******--- 
7146 ; 
7147 ; 
riLL fU 
LNJSED1EIOi'\' LOCftrJlIlS WIlH ta (ROO(S 
7148 ; 
7149 ;_ 
•••• 1.11111111_.......--- 


7158 ; 
7151 $l£N 
7158; 


91FD 
7168 
(Jl(l 
lRGPG1 


7161 
REPT (28lJI - ~) 


.,162 
DB 
9 
7163 
ENlII 


91fI) 99 
7164+ 
DB 
9 


91FE 99 
7165+ 
DB 
II 


91FF 99 
7166+ 
DB 
9 


7Wl 
; 


7175 
j 


93E9 
7177 
~ 
~ 


1178 
REPT (489H - ~3) 


7179 
DB 
9 
7188 
EII)fI 


93£9 99 
7181+ 
00 
9 


93EA 99 
7182+ 
DB 
II 


B3EB 99 
7183+ 
00 
B 


93EC 99 
71E!4+ 
DB 
9 


9lED 99 
7185+ 
DB 
9 


BJEE 99 
71S6·~ 
DB 
B 


llJEF 99 
7187+ 
00 
B 


B3f'9 99 
7183·: 
00 
9 
B3f'1 99 
7189+ 
00 
B 


93f'2 99 
719&+ 
00 
B 


B3F3 99 
7191+ 
00 
B 


B3F4 99 
7192+ 
DB 
B 


B3F5 99 
7193+ 
00 
9 


B3F6 99 
7194+ 
00 
9 


83f'7 99 
7195+ 
00 
9 


93fll 99 
7196+ 
00 
9 


B3F9 99 
7197+ 
00 
9 


93f'A 99 
7198+ 
DB 
9 
93FB 99 
7199+ 
00 
9 


93FC 99 
7299+ 
00 
9 


93FD 99 
7291l 
00 
9 


93FE 99 
7292+ 
00 
9 


93FF 99 
7293+ 
00 
8 
7295 ; 


94fI) 
7297 
lJ1G 
CRa'G4 
7298 
REPT (~ 
- lI1GPG4) 
7299 
00 
9 


7219 
ENDII 


B4FD 99 
7211+ 
00 
9 


B4FE 99 
7212+ 
00 
9 


Il4FF 99 
7213+ 
00 
9 
7215 ; 


ll5FF 
7217 
lJ1G 
lllfi'G5 


7210 
REPT (69lJI - ORGPG5) 
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LOC 
OOJ 
LItE 
swa STATEIENT 


7219 
00 
0 


7228 
EJI)Il 


85FF 88 
7221+ 
DB 
0 


7223 ; 
86fT 
7225 
mG 
lIlGPG6 


722G 
REPT (7IIIIl - lIlGPG6) 


7'l27 
DlI 
8 


7220 
EJI)Il 


86fT 88 
7229+ 
00 
8 


7231 ; 


87FD 
7233 
mG 
mGPG7 


7234 
REPT (88lIH - OOJ'(7) 


7235 
DB 
8 


7236 
EJI)Il 


87f1) 88 
7237+ 
00 
8 


8m 88 
7238+ 
DB 
8 


8m 88 
7239+ 
00 
8 


7241 ; 
7242 SEJECT 


inter 
AP·55A 


LFILl 
46721 
4676 
Lflill 
4674 
46771 


LPGSEL 4832 
4S9Il 
51132 
5U1 
51621 


lSTBR1 5113 
51161 
LSTBR2 ~m 
5117. 
lSTBRK4978 
4979 
5111. 


lSTDII 
4975 
4995 
5811 
58321 


LSlINT 4977 
58981 


LST~ 
2459 
2615 
~7 
467.1 
4957. 


LSTf'Il 
4974 
~9S1' 
I.STR8 
~ 
~ 
LSTREG 4976 
5837. 
l5Tl1ll 
4971 
49741 
Illl 
551. 
111 
SS2I 
IR)I) 
4J91 
1G16 
2386 
24Ja 
5358 


IRJOC 
4J5f 
5:lll4 
IIIIN 
1434 
15J91 
1546 
2349 
2414 
2417 
2422 
2427 
2589 
2629 


IIIIN2 
15441 
3129 
IIIItfl 
1594 
16891 


IflIIIl 
16721 
1674 
1111101 1198 
18Jl.lt 


IIIIIf31 
1831. 
1847 
11111«:1 1716. 
1762 
IIIIN> 
1741 
10011 
1fl1N>1 1742 
17661 


IfH. 
4481 
!G..OCK 
16:i1 
1397 
1315 
1323 


ItlEC 
4711 
:ss29 
I'f)JNZ 
4751 
4841 
4329 
4456 
4566 
5%9 


I£IIlI 
11581 
J824 
48115 


1£11.0 
11491 
J851 
4829 
46SS 


I£Rrol 
1592 
1&:'lB1 
1111«: 
467. 
1743 
2911 
2875 


1It.01 
G7J4I 
6748 
lIllY 
J98I 
1558 
1574 
1689 
1b2S 
1649 
1(;82 
1716 
1766 
1782 
1lJ91 
1976 
1994 
2172 
2248 
2J29 
2464 
2482 
2541 
2581 
2714 
2m 
2756 
2787 
2885 
2BJa 
2S56 
2893 
2923 
29Jl:l 
2953 
2%l! 
Jll82 
3863 
3891 
J28(; 
J225 
Q44 
J263 
~3 
3381 
3322 
3349 
3423 
3433 
3452 
3471 
3499 
3518 
:s557 
J578 
3lJ91 
J82B 
J8SS 
3957 
J981 
mE, 
4811 
4865 
4257 
4284 
4392 
4418 
4587 
4639 
4759 
4783 
4798 
4a14 
4836 
4854 
4{;78 
4957 
49tl 
4996 
5812 
5837 
5855 
5899 
51~ 
5191 
~343 
5369 
5455 
5541 
5575 
5591 
5618 
56SS 
567:'$ 
5687 
5783 
5721 
5882 
5Ci'S 
5951 
6859 
(;878 
6152 
6223 
6299 


IU)(lJT ~m.3841 
6598 


lOa. 
4451 
~ 
3631 
51i8 


If'USEl. 
553. 
rlRl 
4&21 
rlRlC 
4941 
IIlR 
4861 
1m: 
4981 
4437 
4548 
5582 


IIXCII 
4551 
IIXRl 
4581 
I«:OLS 
6141 
5581 
1EG1 
7291 
2341 
5678 


IEXTPL 1283. 
225J 
2'.159 
58C8 
58e6 
59(;8 
5974 


NIBH 
3782 
37881 
NH;IN 
3627 
36J8 
36991 


NIBIN2 J55J 
37981 


NIIlO 
4159 
4161 
438111 


IOlRI( 
1521. 
1m 
I«Ml.S 
13811 
1416 
IflEPTS 12381 
5564 
55S4 
56e4 


ItK(W 
11851 
1662 
18:ro 
2181 
2469 
2475 
2723 


NXTlOC 55821 
564G 


lPTIII1 
1991 
1983 
1984 
1S8:l 
1986 
19221 


lPTfIl2 
1987 
1905 
19251 


lPTIII3 
1ge2 
1ge9 
1927. 


lPTI~ 
11941 
1641 
1698 
1791 
1818 


IJ1GPGO 1281 
1489 
1481 
14491 
1528 
1529 
1873. 
1947 
2157 
2158 
22391 
2234 
2389 
23(;7 
2:>18 
~1 
2652 
26741 
2679 
3148 
3399 
3(;17 
3618 
36ll1. 
3685 
3735 
3771 
m1 
41116 
4141 
4188 
4234 


4368 
4495 
4628 
4695 
4696 
47291 
4724 
4917 
5138 
~ 
j264 
5389 
5414 
5761 
5848 
5989 
6833 
6111 
61GS 
6259 
6336 
6482 
6477 
6542 
6613 
6686 
7888 
7874 
7135 
71j2 
(153 
lJllFG1 
1291 
1952 
1~ 
2153. 
:1239 
2248 
22%1 
2~ 
2386 
2363. 
2372 
2523 
2684 
3m 
3484 
3698 


3691 
37391 
3748 
3141 
37651 
3776 
3m 
4111 
4112 
4137. 
4146 
4147 
41761 
418:> 
4186 
4213. 
4239 
4365 
4588 
4625 
4129 
4922 
5143 
j238 
5231 
j268I 
5269 
5314 
5419 
5766 
5&45 
5914 


6838 
6116 
6199 
6264 
6341 
6487 
&4S2 
6547 
6618 
6691 
7913 
7879 
/136 
7159 
7160 
lJ<GlG2 
1381 
2377 
2378 
25141 
2528 
2529 
2647. 
2689 
3158 
3489 
3418 
3GB. 
3m 
3931 
4244 
4379 
4595 
4638 
4631 
4691. 
4734 
4927 
5148 
5274 
j275 
53851 
5319 
5424 
5771 
5&5lI 
5919 
6843 
6121 
6195 
6269 
6346 
6412 
6487 
6552 
6623 
6696 
78111 
7884 
(137 
7169 
(178 
lJllFG3 m. 
1334 
1335 
13951 
1877 
1~78 
1943. 
6577 
657lI 
668&1 
6648 
6649 
6682. 
6721 
6722 
67S51 
6768 
6769 
6823. 
6821 
682S 
68S1. 
6885 
68S6 
69421 
6946 
6947 
7fl83. 
7843 
1844 
79781 
7189 
7118 
71391 
7138 
7176 
7177 


IIlIFG4 
1321 
2694 
2695 
31441 
3163 
3786 
3936 
4249 
4259 
43551 
4375 
45111 
4(39 
4932 
5153 
5154 
52281 
5324 
5429 
5776 
5855 
5924 
6848 
6849 
6187. 
6126 
6<.'99 
6274 
6351 
EA1i' 
6492 
6S57 
6628 
6781 
7023 
7Il89 
7139 
7286 
7287 


IJ.'GPG5 
133. 
3168 
3Wl 
3390. 
3791 
3792 
39161 
3941 
4388 
4381 
4491. 
4515 
4744 
4937 
5329 
5338 
54891 
5434 
5781 
5868 
5861 
5geS1 
592') 
6131 
6295 
6279 
6356 
6422 
6497 
(;5Q 
6633 
6786 
782S 
7894 
7148 
7216 
7217 


lJD'G6 
1341 
3946 
3947 
4182. 
4528 
4521 
46151 
4749 
4i'58 
4913. 
4942 
5439 
57£6 
5787 
58361 
5934 


5935 
68291 
6136 
6219 
6284 
6361 
6427 
6582 
6567 
C6:s8 
6(11 
1833 
7999 
7141 
7224 
(225 
~7 
1351 
4947 
4948 
51341 
5444 
5445 
57:;;'. 
C141 
6142 
611181 
6215 
6216 
62551 
6289 
6298 
63391 
6366 
6367 
63981 
6432 
6433 
6471. 
6587 
6598 
6537. 
6572 
6643 
6716 
7838 
(184 
7142 
7232 
7233 
OOTClR 1624 
19741 
2556 


00TIlSG 1797 
18:17 
1975. 


OOTUTL1542 
1973. 
2326 
2713 
2993 
3124 
3185 


0Y9BAS 3187 
6783. 
6784 
6788 
6793 
6897 


0Y1B1 
6898 
69141 


0Y1B2 
6919 
69241 


0Y1BRS 1426 
3281 
6451 
68%1 
6991 
6987 
6911 
6914 
6924 


0Y2E1 
6981 
69841 


0Y2BAS 2921 
6957. 
6958 
6962 
C968 
6972 
6984 


OY381 
6S68 
6S62I 


lJY3E)ff.;3293 
68481 
6841 
6845 
6851 
6G55 
Cl:62 


0't'IlIJ' 
13191 
4828 
5826 
6657 


0YllR> 
1427 
2922 
3188 
3284 
3282 
6452 
6731. 


OYSIlE 
6461 
1321 
1426 
2921 
3187 
3283 
32S1 
4812 
51119 
6451 
6657 
665l) 
C731 
0YSII1 
66611 
6667 
()YC".Jff'29G5 
2995 
3186 
6657. 


f'm( 
15181 
1924 


PDIGIT 
517. 
5488 
~U;59 
2212 
231E:1 
2633 
3889 
3599 
3716 
6455 


f'GSIl£ 
71351 
71361 
7137. 
7138. 
71391 
7148. 
71411 
7142. 


PIII'UT 
5281 
5481 
PlUS1 
6991 
2476 
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PLUSJ 
7141 
2268 
PRNT1 28lI9 
28391 


PRNT2 19941 
2829 
PSEGll 
5181 
1414 
5476 
5491 
5818 


PSEll.O 5191 
1413 
5477 
54S9 
5819 


RDEUIY12481 
5696 
5716 
6872 
68lJ7 


RECWl 3524 
35491 


RECTYP12751 
3593 
3587 


REOC 
1293. 
4485 
4442 
4553 
4596 


RElRG 
1911 
1335 
1481 
1529 
167S 
1948 
1953 
2158 
2235 
2248 
23111 
2396 
2368 
2373 
m8 
2519 
2524 
~ 
2652 
2688 
2685 
2699 
2695 
3149 
3154 
3159 
3164 
3169 
3489 
3485 
3418 
:s616 
3686 
3691 
3736 
3741 
3m 
3777 
3782 
3"787 
3792 
3922 
m7 
3932 
3937 
3942 
3947 
4187 
4112 
4142 
4147 
4181 
4186 
4235 
4248 
4245 
4~ 
4361 
436(; 
4371 
4376 
4381 
4496 
4* 
4586 
4511 
4516 
4521 
4621 
4G26 
4631 
4696 
4725 
4,38 
4i'35 
4748 
4,45 
4758 
49111 
4923 
4928 
4933 
4938 
4943 
4948 
5139 
5144 
5149 
5154 
5226 
::.231 
~ 
5278 
::.275 
5318 
5315 


5328 
5325 
5338 
5415 
5428 
5425 
5438 
5435 
5448 
5445 
5762 
5,67 
57(2 
571i' 
5782 
57Si' 
5841 
5846 
5&51 
5856 
5661 
5918 
5915 
5928 
5925 
5939 
5935 
6834 
6839 
6e44 
6849 
6112 
6U7 
6122 
6127 
6132 
6137 
6142 
6186 
6191 
6196 
6281 
6296 
62U 
6216 
626e 
6265 
6278 
6275 
6288 
6285 
6299 
633, 
6342 
6347 
6352 
6357 
6362 
636, - 
6493 
648ll 
641$ 
64111 
6423 
6428 
6433 
6478 
6463 
6486 
6493 
64!18 
6583 
6S88 
6543 
6548 
6553 
655S 
6563 
6568 
6573 
6578 
6614 
6619 
6624 
6G29 
6634 
6639 
6644 
6649 
6687 
6692 
6697 
6782 
6787 
6,12 
6717 
6722 
6769 
EWJ 
6886 
6947 
i'Il89 
7814 
(819 
7824 
7829 
7834 
7839 
7844 
(875 
.18ll8 
,ll85 
7898 
7895 
7188 
7185 
71111 


RERRIIl2317. 
2348 


I!INT 
152111 1923 
roTOO 
0061 
55111 
5646 


I!OTPAT ll6SI 
54112 
5597 
5514 
5529 


RSW:C 
2761 
lB3 
SCfWJ 5557 
55751 


SCfHj 
5532 
5566 
5589 
S689 
5644. 


~ 
5672 
5682. 
SEGIR'1311' 
2213 
S486 
5878 
5965 


SII«l 
1523. 
1928 
SIZE 
13851 
1388 
14m 
1442 
1663. 
1866 
1S33. 
1936 
2143. 
2146 
22201 
2223 
22861 
2'M 
2353. 
2356 
25941 
2597 
2637. 
2649 
26641 
26(;7 
31341 
3137 
33881 
33113 
3693. 
3686 
3671. 
3674 
37281 
3m 
37551 
3758 
39ll6I 
3999 
48921 
4895 
4127. 
4138 
41661 
4169 
4283. 
4296 
43451 
4348 
44811 
4484 
46e5I 
4688 
4681. 
4684 
47181 
4713 
4993. 
4996 
51241 
5127 
52181 
5213 
525llI 
5253 
52951 
5298 
JJ99I 
54112 
5747. 
57S8 
58261 
5829 
58951 
5898 
68191 
61122 
6897. 
6188 
61781 
61n 
62451 
6248 
632111 6323 
63881 
6391 
64611 
6464 
6527. 
6538 
65981 
66111 
66721 
6675 
67451 
6748 
6813. 
0816 
68711 
6874 
69321 
6935 
6993. 
6996 
786llI 
7863 
712111 7123 


SIZECH 2781 
1382 
1436 
1869 
1938 
2148 
2217 
2283 
235ll 
25111 
2634 
2661 
3131 
3377 
3689 
3668 
3717 
3752 
3993 
4889 
4124 
4163 
4288 
4342 
4478 
46e2 
4678 
4781 
4988 
5121 
528, 
5247 
5292 
5396 
5744 
5823 
5892 
6816 
6e94 
6167 
6242 
6317 
6385 
6458 
6524 
6595 
6669 
6742 
6818 
6868 
6929 
6999 
7857 
7117 


SMlI 
1122. 
2487 
2493 
2m 
3465 
:W17 
4792 
4998 
5184 
5378 


SlR.O urn 
1671 
1631 
248ll 
2557 
2745 
2869 
2e8l1 
3314 
3341 
3484 
3844 
400, 
4823 
4845 
4879 
51185 
51121 
5846 
5Im 
5288 
5238 
5282 
5352 
6232 
6388 


STRCQl1623 
2837. 
STRIU 1927 
28541 


STRIIEIl1922 
1925 
2847. 
2555 


SlRTII' 1257. 
1989 
2883 
2816 


STl!UTL1973 
28321 


STSIM 385G 
3862 
3183. 


TCl!LFO3886 
3IJ94 
3975 
41191 


TIINT 
54541 
5742 


TlRET1 5647 
5781 
57211 


TlJ'm. 
3846 
57421 
5S81 
6877 
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inter 
Ap·55A 


TTYOOT5J9I 
4428 
4438 


TYPE 
11761 
1429 
15n 
1585 
1748 
1771 
1717 
1822 
2448 
2S58 
3811 
3872 
4i'6!) 
4966 
5171 
lJ'Dfm 22G5I 
2558 
JJ71 


lJlM)R 2195 
22481 


YERSIfJ185111 
IIlRI( 
15221 
1928 
II>ISP 
2818 
2838 
2269 
22/4 
2568 
1m 
59481 


II)ISP1 5988 
5991. 
XPCOOE8J71 
1418 
1519 
2J18 
5799 
5949 
me 


Xf'TEST1411 
1548 
2J19 
588Il 
5958 
6151 
i'858I 


2m) 
6841 
15711 
1586 
1778 
2494 
J428 
~ 
5667 


CROSSREFEREIa ClJflETE 


inter 
Ap·55A 


BRKFIL2433 
2437. 


IJ!KNXT24591 
2499 
fJlrCNT1266t 
344C 
3519 
J5J4 
:mil 
3990 
4&46 
IllFLEN 6621 
1W 
J875 


BVTEI1JSS4 
36291 


B't'1I::JN34J2 
3451 
3478 
3489 
J52S 
3627. 


IJ'r'TEO J995 
4818 
482S 
4828 
4339 
4887 
41541 


CGO 
2986 
JIlIl2I 


COOl} JIl19 
JIlJ81 


C&fAT J822 
JIl2SI 


CGOSS JIl21 
JIl341 


CGOTRfl382J 
JIlm 
CGIJIl J82Il 
JIl26I 


CIR:CR 3ml 
4119 
CIRlIN 3417 
:1549 
1699 
37491 


0HlLF 3J941 
4121 


DfIlI«) 
5981 
nn 
1349 
mc 
564S 
5871 
5CS7 
5~'9Il 


CIRlO JS91 
J896 
3977 
J989 
4331 
4337 
4128 
4122 
439'.1' 


CI«ERf(m7 
35981 


Cl«SlJI 
003. 
342S 
J566 
J57J 
JU4 
J665 
J860 
4374 
43t11 
4155 
415E; 


CIIl 
4531. 
4531 
4532 


CJ1 
45JJ. 
4533 
4534 
4536 


CI2 
4537. 
4585 
CJJ 
4539 
45421 


CI4 
4541 
4545. 


CIN 
3749 
45291 


C1(go( 3551 
35781 


CLEIlR 1974 
58781 


CLRBFr 5341 
G519 
652Il 


OOINT 1916 
1C42 
1845 
11)55. 


CIf'IIlS JIl71 
46lJ 
5343. 


CII'RET5J95I 
emu 13951 
3419 
3420 
J995 


CNTTBl.JIl77 
J800I 


CNTTRflJIl9J 
JIl94 
JIl911 


CO! 
4427. 
44lS 
CO2 
4427 
44J81 


C03 
4429 
4433. 


COOEIl. 1991 
1J9C 
1526 
1945 
2155 
2232 
229S 
2J65 
251G 
2649 
2m 
J146 
33517 
361~ 
1683 
J7J3 
3769 
J919 
4194 
4139 
4179 
4232 
4358 
4493 
4619 
4693 
4722 
4915 
51J6 
5223 
:i262 
~JIl7 
5412 
~7S9 
SOJll 
5997 
6831 
6189 
6183 
6257 
6314 
6488 
6475 
.6548 
6611 
6694 
7886 
'l872 
ClIQR 2437 
24121 


WfIL 
1428 
14J2 
2426 
46J9I 


~2429 
29921 


C(JIS(R 2436 
24161 


C(JISIZ 1596 
18991 


CTIil 
1557 
lll981 


ctJlI)lG 
mI 
5479 
5484 
%47 
5648 


DATfIlL 2441 
nJ2 
1975 
6766 
682S 
6893 
6944 


DATO 4829 
43JJ1 


DATOi 43341 
4868 


DBlJN( 2215 
5872. 
~74 


DIlPNT 2816 
28e5I 


DBRJ( 15191 
1924 


0C8 
21145 
21861 


00fIlRI( 285J 
21221 


00fI£II 2949 
211G1 
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OI:.BI«:E 
6381 
DECUI! 1781 
848 
1~ 
12(17 
~CSII1 52S6 
DECSIII2638 
DB.AY 3185 
0ClR'l'168771 
~28Il 
DFILL 2948 
000 
28J9 
DGPflTS5943 
DlJl 
2846 
DINTRG2851 
DLSl 
2841 
DIQ) 
2838 
IlfOlRK2855 
[)(I£ 
3419 
DPA 
2858 
DPR8RI(2852 
Df'RI£II294S 
~C 
2842 
DREl 
2843 
DF:II 
2858 
DR\.tl 28J5 
DSf; 
2844 
DSIiOl 2834 
DSPOCC2276 
DSf'1i1 2268 
DSl'LO 2275 
DSf'II1 2273 
DSPIlID22771 
DSPTI"18411 
DSP11I' 8291 
DSS 
2857 
DTf< 
2859 
DIoIlRK2856 
aSIFl2186 
a5IF2 
2284 
fJIIIll 
11481 
ElR.O 1B11 
E.IflN( 
5291 
EIfJlfII 
~ 
OOF1 JS88I 
OOFIL 3872 
omc 
48641 
ElJ"RECJ887 
Ef'OCC 9691 


I:PCRJ( 
1425 
EreNT 2921. 
[!'COO.2785 
ErctVlT272C 
EPITI 3319 
Ef'PASS2937 
EProlI 18141 
EPPClO181151 


5S4 
&69 
1872 
1216 
52911 
52G2I 
68591 
6Il92 
20631 
29%1 
28941 
5!1961 
21881 
21241 
28CJ8I 
28921 
21291 
35951 
2BSI 
21281 
21141 
21881 
21821 
211111 
28781 
21841 
28781 
2279 
22761 
22881 
22791 
3375 
3188 
5948 
2B31 
21371 
2B11 
21ea 
2297 
5J9ll 
5364 
3197 
3197 
J893 
J8ll4I 


~ 
ill 
W 
~ 
~ 
~ 
~ 
ill 
m 
~ 
m 
~ 
~ 
~ 


898 
911 
932 
964 
97J 
982 
991 
1ee8 
1889 
1818 
182j1 
1836 
1845 
1854 


1881 
1898 
1899 
1188 
1117 
1126 
11J5 
1144 
115'".$ 11(;2 
1171 
1188 
1189 
1198 


1225 
1234 
1243 
1L'52 
1261 
1278 
1279 
1288 
1297 
4216 


22821 
22131 


:lge11 
2977 
3183 
3187 
20051 
27eJi 
3343 
2'J52 
2779 
2752 


3219 
3374 
4384 
5184 
6458 
6456 
65891 
3125 


48:i2 
62231 
2%7 
298"2 3285 
J224 
3243 
~ 
6237 
(;2J9 
6248 
6298 
6314 
6315 
63781 


2914 
3JG2 
3378 


2$21 
JJJ5 


EPR9 
9961 
2932 
3276 
4863 
5884 


EJ'REl 
J842 
6445 
651!)1 


EmT 
311& 
3122 
31291 


EPRSET 5361 
1433 
2994 
29% 
644S 
6453 


mUl 
2424 
2,121 
Ef1i.Ul138461 
3851 
Ef'RIK! 3859 
38621 
EmIC 
J849 
38561 
EF'RltH 3828 
3831 
38391 


EF'RlN53857 
31151 
EPM6 
3881 
3882 
31191 


EPSSTF' 5321 
EPSTE164471 
644S 
EPm2 
6447 
64561 


U'!>1EP 29('.4 
3194 
3198 
63C2 
64451 


ErSTlJ: 2&74 
2929 
3348 
3369 
5053 
62971 


EPTlIIR 9871 
2%2 
:nJ8 


ERRal 
74& 
765 
782 
m 
816 
833 
1161 
002 
983 
924 
94~ 


Ek~ 
2324 
23491 
EXIWl 25411 
2616 
EXlfI1 2681 
26181 
EXIIl2 2619 
2622. 
EXlIl3 2624 
2G27. 
EXAIM 2629 
2632. 
EXItIS 2618 
26m 
EXffIIN2418 
25481 
2626 
2631 


ElG'IDl 5551 
rDlJf'1 3978 
39961 
fDUf'2 4926 
48381 
f1)(Jf>3 4935 
48381 
F'DlIf'4 4864 
48S8I 
fl)(Jf>5 4834 
48361 
FIN)(}' 15981 
1689 
GOTIIl 3916 
38191 
H 
13921 
4289 
4325 


fIlI>1 
4317 
43191 
4319 


/IlI)2 
43181 
4339 
1IlDUl\' 42571 
4433 
4434 
4535 
4537 
4538 


If)ITHI 19321 
4273 
If)!TLO 1923. 
4399 
fl)flTIN 35181 
3547 
IEXflSC41931 
4388 
I£XW' 1327. 
:re64 
38~ 
3956 
4933 


HEXNIB4195 
41981 
fFI)()£ 38S5 
3898 
3S94t 


HFILEO2413 
2421 
3881. 
3&78 
~CIN 
2416 
3417. 
342".1 3592 


IIlECO 3877 
3S84 
39551 


IIlEGA 19591 
IIlEGS 19681 
IIlEGC 1977. 
If:EGI) 111861 
IIlEGE 19951 
IIlEGf 
11941 
IIf'lEll 1855 
23851 
INCSIIl 1431 
2625 
3528 
3873 
4675 
52381 
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inter 


IIOl 
52391 
INeWl 5241 
~46' 


INIT 
14991 
INITlP 14181 
14~3 
I~ 
2187. 
2198 
IIf>ftIR1835 
21781 


IIflKEV1543 
1675 
IlMi.5 13461 
1381 


!TII' 
~. 
1557 
1832 
1833 
JGG!ES2400 
24291 


JIlf'TBl 2385 
2399t 


JllJ"IL 2492 
2426. 


JTOOO 2481 
2424. 


]"1ClST 2403 
24191 


JTOI1OO2400 
24101 


JTIHC 2404 
241~ 
JTIHL 2495 
2416. 


KOOIltF1212t 
2334 
2;40 
S6~1 
5S1i 
6161 


KBO11 
50011 
5816 
KBOIN 26S8 
579911 


KOOPCl3347 
3196 
61501 


KCLR8 15151 
19l18 
KEY 
7691 
1544 
1593 
1740 
184:1 
21e7 
2292 
22115 
2322 
2346 
2468 
~~ 
2597 
2613 
~ 
2627 
2CS9 
2783 
3116 
3129 


KE'r'Cl.~15851 
2323 
2629 
KI:YDIl151141 1923 
1926 


K[','EN)15011 
1545 
1844 
2296 
2:147 
2461 
2618 
3117 


m'FIL 
14991 
1903 
KEYFLG9491 
5533 
:;(;71 
5682 


m'GO 
1512. 
1982 


mtOC 
1.<"2115S5ll 
5644 
sue 
~ 


KEI'I.5115191 
1~ 
KE\'IlOO1513. 
1901 
KEI'NXl1511111~203 
2G23 
2734 
:1121 


K[','F'AT1503. 
1929 
KEI'PIl 15ll8t 
1923 
1m 


KEI'REC15OC1 1905 
KEI'RE(j1509. 
1923 
KEI'RU15ll2t 
1906 
KE\'TRA1597. 
1929 
K~5 
15111 
1909 
KSETB 15141 
1987 
LASTKI'907. 
5555 
LDHTA 752. 
1858 
3321 
3$44 
4168 
4662 
LDIlYTE3867. 
3876 


LFUJR14897 
48991 
Lf'EBRI( 4(00 
4/81 


LFIDPI 
4m 
4797 
LFEINT4779 
48791 


LFlJ'II 4776 
4i1l3. 


L1ue 
4851 
4854. 
LrE~G 4778 
4S36. 


LfE1Bl 4773 
4776. 


LrETCH2561 
:ree7 
4/84. 


2498 
1828 
1846 
2196 
2345 
2463 
2S88 
265CI 
311S 
3119 
1417 
1590 
1595 
1597 
1625 
1626 
1646 
1647 
1195 
1712 
1715 
1725 
1732 
1761 
1838 
1837 


SS5C 
5626 
5633 
~i'l) 


2211 
2317 
2~2;' 
2432 
2436 
~'S62 
2S65 
2687 
2614 
2632 
2fr0!8 
2835 
2919 
3888 


3346 
336"1 
3368 
3526 
:l:i98 
3629 
:s641 
364lJ 
:i6G8 
$66C 
3715 
3868 
4154 
4157 


4669 
4785 
5828 
:>Il33 
50/1 
5078 
5186 
Sill 
6297 
6454 


4890t 
4813 
4832. 


f'<.tli.o -= 
RDElJl\' 8831' 
!1ECl)(W82CC 
RECTYP81M2 
kEGC 
8lM4 
!1E(J!G 8885 
RERJ«Il 8198 
WIN1 
8811 


ROTCNT888J 
ROIPflT 8882 
RSO.RC 8812 
SUIG 
877C 
SOWS 
8788 
SClIe 
8790 
5[lMf' 
8lM6 
SII«l 
llll1Il 
SIZE 
88lI) 
SIZECH 8811 
Sl'HII 
Il9Jl 
SlR.O 
8838 
STRrol 8Il1D 
STRln: lllI2C 
sm£IIll926 
STraJf' 
8lM8 
smm. 8819 
STSRYE~ 
TCRlFO 811>2 
TIlNT 
8i'4E 
'1IIU1 
87rt8 
HFPll. 
87fr; 
n YOOT8lI4(j 
H'PE 
88J7 
lJ'I)fI)1 817C 
lJ'OfI)R 8178 
YERSr«l81129 
IIlRK 
8816 
II>ISP 
8600 
11>151'186EE 
XPCOOE8887 
XPllST 831>1 
ZERO 
8888 


RSSEIIl.Y CMllTE. 
III ERR(JlS 


1515- II 
ASSElltER 
S\'IOX. 
CROSS RErrn:ra, 
V2.1 
F'OOE 
1 


?fl 
1851 
1614 
1629 
1637 
1650 
1658 
1721 
1787 
18116 
1818 
1977 
1985 
1999 
2177 
2388 
2444 
2S46 
2586 
2719 
2roB 
27% 
2843 
2057 
2&65 
289S 
2918 
2m 
2943 
29S8 
29,3 
38i17 
j868 


:s896 
3287 
3215 
3226 
3234 
3245 
3253 
3264 
3272 
3288 
1;82 
3318 
3323 
ml 
3358 
3JS8 


3434 
3442 
3453 
3461 
341'2 
3400 
3491 
3499 
~15 
3562 
3583 
3(,31 
3~ 
3966 
3~ 
4881 


4816 
4818 
4393 
4481 
4592 
4764 
4788 
48113 
4819 
4841 
4859 
4875 
4962 
4986 
~ 
~7 
5842 
5895 
5167 
5188 
5196 
5348 
5360 
5374 
5386 
54:>6 
~ 
5546 
~ 
~92 
~ 
56~ 


5784 
5712 
5726 
5887 
5956 
6868 
6868 
6883 
6157 
6228 
6384 


?flSIM: 
12351 
546(l 
5466 
5722 
5m 


?fJ 
1288t 
4413 
4413 
4413 
4419 
4459 
4469 
4569 
4579 


?(;8f'NT 
1171 
146 
7541 
;'63 
7711 
700 
rosl 
197 
3851 
814 
8221 
m 
8391 
?(;IlR2 
1181 
754 


~3 
1111 
771 


~1lllI/4 
1121 
188 
'!BeRS 
1131 
005 
~ 
1141 
822 
?fJ8R7 
1151 
03~ 
?Oll'NT 
1261 
059 
8671 
800 
C8SI 
901 
989t 
9'.Q 
939t 
943 
9511 


?BOO 
1191 
867 


?B1R3 
1201 
888 
?B1R4 
1211 
989 


?B1R5 
1221 
938 


'!E1R6 
1231 
951 


?fJ1R7 
1241 
?OCOO[ 1163. 
1561 
1561 
1561 
1567 
1610 
1616 
2398 


?OIIU' 
4151 
lS17 
2387 
2439 
2989 
3632 
5179 
5359 
5385 


?OITSO 4217. 
4411 
?8lI'CH 
1262. 
3438 
3444 
3511 
3517 
3532 
3542 
1'.162 
3968 
3ge2 
3WB 
4844 
4854 
?fllflE 
6491 


'JCIflRN 
5851 
5876 


?OI:SU 
7911 
3426 
3426 
3426 
J558 
3564 
3571 
35"11 
3S58 
3858 
38S8 
4866 
4872 
4879 
4879 


'iCOOST 
1841 
S85 
586 
598 
594 
t,81 
682 
686 
618 
617 
618 
622 
G26 
633 
634 
63& 


642 
649 
658 
654 
65C 
671 
672 
676 
688 
686 
6117 
6~ 
695 
181 
782 
7Il6 


718 
716 
717 
721 
725 
4217 
4218 
4222 
4226 


?CtJ:D1 
912t 
?DEEH: 
6171 
?DSPTI Hm. 
3892 
389S 


?DSPTI1 
S88I 
?EIDII 
1136. 
53£8 


?OR..O 
11271 
'5362 


'JIJ'OCC 
96SI 
2%9 
2975 
3211 
J;d7 


'JIJ'PCH18181 
2761 
2m 
2912 
3354 
3368 


?EPPCl 
18811 
2734 
2758 
2'd86 
2814 
21;19 
3327 
3333 


?EPPSW 
9741 
2792 
2798 
2£:39 
2845 
2894 
2988 
2939 
2945 
3249 
3255 
3284 
Q9lj 


?EPR9 
9921 
2924 
2938 
3268 
3274 
4S5S 
4861 
~ 
5882 


?£I'TI" 
9831 
29:>4 
2968 
323fl 
3236 


'ifalM 
2951 
1615 
1634 
1655 
1688 
1695 
1722 
1745 
lfOO 
1887 
1819 
1982 
288ll 
21113 
2178 
n89 
2441 
2445 
2547 
2587 
2728 
2735 
2742 
2762 
2169 
2793 
2811 
~'1S 
~ 
2862 
2811 
2899 


2911 
29'0!9 
2944 
2959 
2974 
~ 
3869 
3897 
3212 
3231 
32S8 
3269 
Q~'9 
33fl, 
3320 
3355 
3439 
3458 
3477 
3496 
3516 
3531 
3563 
35lJ4 
3634 
3(,38 
3887 
3814 
3834 
3841 
3963 
3Wi' 


4882 
4817 
4843 
41171 
4263 
4278 
4298 
4297 
4322 
4390 
4439 
4458 
4558 
4568 
4593 
4645 
4652 
4765 
47S9 
4884 
4828 
4842 
4868 
4876 
4963 
4987 
5lI82 
5818 
5843 
5861 
S868 
~ 
5168 
5181 
5197 
5349 
5361 
53i'5 
5387 
5461 
5584 
5547 
5S81 
~97 
5616 
562J 
5693 
5789 
5727 
5888 
5957 
5971 
68G5 
68C4 
6153 
G229 
6385 


?f~ 
3191 
1638 
1659 
1692 
1782 
1986 
2739 
2749 
27~ 
2776 
2197 
2815 
2825 
21166 
321.6 
32J:i 
3254 
3273 
3311 
3332 
3359 
3443 
3462 
3481 
3588 
3811 
3821 
3838 
3843 
3967 
4267 
4277 
4294 
4384 
4482 
4649 
4659 
se65 
5001 
5465 
5681 
S629 
5636 
5713 
6869 
?fmfl 
3391 
1755 
2823 
2452 
2S87 
3541 
3651 
4853 
4332 
4449 
446S 
45611 
4578 
:l528 
5981 
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AP·55A 


?HJ\'I14 
3561 
?fll1lf> 
3S8I 
1568 
15;'6 
1611 
1638 
1(,51 
1684 
ms 
1/68 
1784 
ll)1j3 
1978 
1996 
2174 
22S8 
2331 
2466 
2484 
2543 
2583 
271(; 
2i'31 
2~ 
2789 
2jj97 
2848 
285{; 
2m 
2925 
2948 
2955 
2978 
3984 
3865 
3893 
329l) 
3227 
3246 
3265 
3285 
3383 
3324 
3351 
3425 
34~ 
s4504 
3473 
3492 
3512 
S559 
3588 
3883 
3839 
M7 
3959 
3983 
:ms 
4913 
4867 
4259 
4286 
4394 
4412 
4~ 
4641 
4761 
47lJ5 
4S98 
4&16 
4S38 
48S6 
4872 
4959 
4983 
4998 
5814 
~39 
5e57 
599'.1 
~1C4 
5193 
~345 
~371 
50457 
~3 
5577 
~93 
5612 
~7 
:X;i'5 
~'9 
5785 
5723 
5884 
~77 
5953 
6861 
6800 
61504 
6225 
6381 


?Ii 
12981 
4262 
4273 
4323 
4333 


'JfIlITH ll12S1 
4258 
4266 
4271 


?IIIITL 
18191 
4285 
4293 
4298 


?I£mJ 
13241 
?ItlEGA 19551 
"lIlEGB 19641 
?m:OC 
19n1 
'M:EGD 19fJ2t 
?IH:GEl9911 
?IJ1lF 
11991 
?IT11' 
(741 
1687 
1,83 
1718 
1718 
1717 
1m 
1738 
173{l 


?KEOOU12981 
2332 
2332 
233.1 
23311 
:>615 
5637 
5883 
5399 
6153 
6159 


?K[V 
757. 
2582 
2588 
2595 
2595 


?K[YFL 
9331 
?KE\'l.O 12171 
5542 
5548 
5658 
565i) 
5C58 
5C64 


?lA$TK 
8911 
:X;11 
5619 
5624 
5631 
5631 
J676 
:,(,76 
5676 


?lDATA 
7491 
2819 
2826 
2833 
2833 
3633 
3639 
364G 
3646 
:s652 
3658 
36S8 
4644 
4C68 
4667 
4667 
5956 
5864 
5969 
5876 
5976 


?lOOT 
13331 
1388 
13991 
1442 
1527. 
1866 
18761 
1936 
19461 
2146 
21561 
2223 
zml 
2289 
229'A 
2356 
236C1 
2"""'7 
2:>171 
2649 
2659t 
2667 
267l)1 
3137 
31471 
3383 
33981 
36(j6 
36161 
3674 
36841 
s723 
37341 
3758 
37781 
3ge9 
39"LllI 
4895 
41est 
4139 
414111 
4169 
41791 
4296 
4233. 
4348 
43:l9t 
44114 
44941 
4698 
46191 
4684 
46941 
4713 
4723. 
4996 
49161 
J127 
5137. 
:>213 
~41 
5253 
5263. 
~J8 
538C1 
50492 
54131 
5759 
~7681 
51129 
583')1 
589ll 
599&1 
6922 
6932t 
61llll 
611111 
6173 
61841 
6248 
62581 
6323 
63351 
6391 
64911 
6464 
C4761 
6539 
650411 
6691 
66121 
667S 
66ll5I 
6748 
6767. 
6816 
68261 
6874 
6ll84I 
6935 
lS451 
6996 
79971 
i963 
fIl73. 
7123 


?IIJIlI 
11541 
3886 
3&22 
3997 
4993 


?lElt.O 
11451 
Sl:33 
3849 
4912 
4818 
4649 
4648 
4653 


?IlIII>X 
1561 
%7 
9711 
971 
976 
9001 
988 
~ 
9S9I 
9S9 
994 
9'JOI 
m 
19113 
lllll7. 
lllll7 
1812 
18161 
1816 
1821 
1~51 
11125 
11139 
19341 
1934 
1939 
1943. 
1943 
1ll4S 
1ll52t 
1852 
1ll:i7 
19611 
1961 
1966 
19781 
1978 
1975 
19791 
19(9 
1llS4 
19381 
1988 
1993 
19971 
1997 
1192 
11961 


1196 
1111 
11151 
1115 
1128 
11241 
1124 
1129 
1133. 
ill3 
1131> 
1142t 
1142 
1147 
11511 
1151 
1156 
11691 
1169 
1165 
11691 
1169 
1174 
11i'31 
1178 
11B3 
11871 
1187 
1192 
11961 
1196 
1281 
1295t 
1295 
1219 
12141 
1214 
1219 
1223. 
1223 
1228 
12:s21 
1232 
1237 
1:1411 
1241 
1246 
12:l81 


1258 
1255 
12591 
1259 
1264 
126S1 
1268 
1273 
1:1171 
1277 
12112 
12861 
128b 
1291 
12951 
1295 
BOO 
13841 
1394 
1399 
13131 
1313 
1317 
13211 
1321 
1325 
1329. 
1329 


?I1SAYE 1581 
587 
693 
619 
635 
651 
673 
68S 
/93 
718 
742 
759 
/76 
793 
819 
iQl 
851 
872 
893 
914 
935 
967 
976 
985 
994 
1003 
11112 
1921 
1939 
1839 
1ll4S 
1957 
1966 
1975 
1984 
1993 
1192 
1111 
1129 
1129 
1133 
1147 
1156 
11~ 
11/4 
1183 
11'J2 
1281 
1219 
1219 
1228 
1237 
1246 
1255 
1264 
1273 
1282 
1291 
13llll 
1389 
1317 
1325 
4219 
?I«n.S 
6811 
?1£G1 
"/161 
2338 
5674 


?l£XTP 11991 
2251 
2<:'51 
2251 
2257 
587S 
587tl 
5878 
58S4 
59:)2 
~958 
~972 
59112 
?If<EPT 12261 
5576 
~ 
5596 
5692 


'IU(;() 
1181. 
1654 
1660 
2173 
2179 
2467 
24(;7 
2467 
2473 
~715 
2721 


?(FTIO 
119111 
1633 
1639 
1683 
1691 
16% 
1(83 
li'89 
1892 
1888 


?lMltF 
13161 
?OYSIZ 
633. 
?f'l..USl 
6S6I 
2465 


?PlUS3 
1911 
2249 
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?R1 
991 
4289 
4395 
4312 
4312 


'MIl 
183. 
%5 
96(; 
974 
975 
983 
934 
9'J2 
993 
Ul81 
1882 
1818 
1811 
1819 
18211 
1828 
1829 
1837 
1838 
1846 
1847 
1855 
1856 
1864 
1(165 
1873 
1874 
1882 
'1883 
1891 
1892 
1188 
1181 
1189 
W8 
W8 
1119 
1127 
1128 
1136 
ill7 
1145 
1146 
1154 
1155 
1163 
1164 
1172 
1173 
1181 
1182 
1198 
1191 
1199 
1288 
12118 
12(19 
1217 
1218 
1226 
1227 
1235 
1236 
1244 
1245 
125J 
1254 
1262 
1263 
1271 
1272 
12S8 
1281 
12(19 
1298 
1298 
129!J 
~JRE8 
181. 
748 
741 
745 
757 
758 
762 
174 
715 
m 
m 
m 
796 
888 
889 
S1J 
825 
826 
838 


?R81 
1821 
849 
cse 
854 
058 
878 
871 
875 
879 
1m 
892 
896 
988 
912 
91J 
917 
921 
933 
934 
938 
942 


?RDEl.A12441 
5688 
5694 
5788 
~714 
6864 
6878 
6879 
68C5 


'.>RECT'J'1271. 
3495 
J581 
JS79 
3S85 


~GC 
12891 
4397 
4483 
4448 
4458 
4551 
4561 
45lJ8 
4594 


?ROlCN 8781 
?ROlPfl 8491 
SS85 
5512 
5512 
5521 
5527 
5527 


?RSAI/E 1441 
591 
595 
687 
611 
623 
627 
639 
643 
655 
~9 
677 
681 
692 
696 
"t87 
711 
W. 
726 
746 
7G3 
roe 
797 
1,'14 
831 
855 
859 
tl76 
888 
ff:J7 
981 
S18 
922 
939 
943 
4223 
42'017 


?SE1lIfl 1J881 
?SIZE' 
2551 
1383 
1437 
1861 
1931 
2141 
2~8 
22e4 
2:s51 
2582 
2635 
2662 
3132 
3378 
J681 
3669 
3718 
3753 
:s984 
4898 
4125 
4164 
4281 
4343 
4479 
4683 
4679 
4788 
49111 
5122 
:>288 
5241) 
5293 
5397 
~745 
5824 
5a93 
6817 
6895 
616& 
6243 
6318 
6386 
6459 
6525 
~96 
667(1 
6743 
6811 
6869 
G938 
6991 
7858 
7118 


?$ImI 
W8I 
24115 
2485 
2485 
2491 
2757 
2765 
2778 
345"1 
346J 
:ss82 
:sa10 
:l815 
4784 
4798 
4982 
4988 
5182 
5:$78 
5376 


?CJR.O 11091 
2738 
2m 
2743 
2861 
2867 
2870 
2888 
3J86 
3312 
3476 
3482 
3829 
:sa3, 
3842 
4799 
4885 
4815 
4821 
4837 
4843 
4871 
4877 
4997 
5883 
5813 
5819 
5838 
5844 
5891 
~7 
5192 
5198 
5344 
5358 
6224 
6238 
6J88 
6386 


?START1339. 
1383 
1383 
1391 
14851 
1437 
1437 
1445 
1533. 
1aG1 
1861 
1869 
18821 
1931 
1931 
~J9 
1957. 
2141 
2141 
2149 
21621 
2218 
2218 
2226 
22441 
:I2C4 
2284 
2292 
23181 
2351 
2351 
2359 
2382. 
2582 
2582 
2518 
2533. 
2635 
2635 
2643 
265GI 
2662 
2662 
2678 
26991 
3132 
3D2 
3148 
3173. 
3378 
::sJ78 
3386 
34141 
J681 
J6&1 
:>b89 
3622. 
3669 
3669 
3677 
::s6~ 
3718 
3718 
3r0!6 
37451 
3753 
3753 
3761 
3i'961 
J9(I4 
J984 
3912 
39511 
4898 
4898 
489E) 
41161 
4125 
4125 
411$ 
41511 
4164 
4164 
4172 
41981 
4281 
4281 
4289 
42541 
4343 
4343 
4351 
43851 
4479 
44'(9 
4487 
45251 
4683 
4683 
4611 
46351 
4619 
4679 
4687 
47881 
4788 
478S 
4716 
4754. 
4991 
49111 
4989 
49521 
5122 
5122 
5138 
51581 
5298 
5298 
5216 
:i2J51 
5248 
5248 
5256 
52791 
5293 
:>293 
::1M 
53341 
5397 
5397 
.5485 
~91 
5745 
5745 
5753 
5791. 
5824 
5824 
5832 
:l865I 
5893 
5893 
5981 
59391 
681f 
6817 
6825 
6853. 
6895 
~ 
6183 
61461 
6168 
6168 
6176 
62281 
6243 
6243 
6251 
62941 
6'.s18 
6318 
6J26 
63711 
6386 
CJ86 
6394 
6437. 
6459 
6459 
6467 
6512t 
6525 
6525 
6533 
65821 
6596 
6596 
6684 
6653. 
6678 
6678 
6678 
67261 
6743 
6/43 
6751 
6773. 
6811 
6811 
6819 
68321 
6869 
6869 
6877 
68981 
6930 
6938 
6938 
6951. 
6991 
6991 
699'.1 
7ll48I 
7858 
1858 
i1l66 
71141 
7118 
7118 
7126 


?STilT" 1253. 
1981 
1987 
1995 
2Illl1 
2814 
2824 


?T\'f'E 
11721 
1577 
1577 
1577 
1583 
1746 
1756 
17G9 
1769 
1769 
1775 
1828 
2448 
2446 
2453 
2542 
254S 
J883 
J889 
3864 
3878 
4768 
4766 
4958 
4964 
5163 
5169 


'?lJftlY 
4591 
1744 
2812 
2876 
3538 
4842 
43~ 
4438 
445/ 
454!! 
4567 
5:l83 
::I9711 
'MRSN 18461 
?XPCOO 825. 
?2EkO 
671. 
1~9 
1575 
1767 
2483 
3424 
3856 
5656 


fHTCH 4784 
47591 
ASRYE 12391 
5468 
5738 


flSC£RR3784 
3711 
37151 


B 
12841 
4415 
4421 
44(,1 
4529 
4571 


&'COO[ 11671 
1563 
1569 
1598 
1G18 
2392 


EITSO 42391 
4422 
ElRI([II)2462 
2S80I 


8l\'KERR38S0 
:>9Wt 
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LOC OOJ 
LItE 
!:nm STRIDENT 


7243 
00 


US8: S't'lln.S 
?A 
8894 
?A5AYE9982 
?Il 
9982 
7'88M 
eeec 
?fl8k2 
8893 
?BeI<3 8894 
?89R4 
0805 
7~~ 
?BlIR6 8887 
?ll8Ri' 
eees 
?fl1PNT lIllll7 
?81R2 
8883 
?E1R3 
lIllll4 
?81~4 
8895 
?81RS 
8996 
?01R6 
1llIlI7 


?81R7 
eees 
?BCOOE9982 
?illIG' 
8922 
?8 ITSO 89113 
?W'CN eee2 
71llfLE 111193 
?CIfIlN ll8ll3 
7JCl«SU8898 
?COl5T 8883 
?CtJlI)I 81181 
?DEBt«:lIllll3 
?OTTI 
9982 
?OSPTIt 8lJlIlI 
?Elfl1I 
llll82 
?ElR.O llll82 
?EI'OCClllI92 
?EI'f'OI 9982 
?EPPCl 9982 
?EPPSW9982 
'lJ'R9 
illlll2 
?ErTI" 
lIllll2 
?F~ 
8916 
'!F~ 
8918 
?FlIMs 981fl 
?FmtM 891C 
?Fl»lIl5 891E 
?II 
9982 
?lllrIH 
9982 
?IIlITL IllIlI2 
?IUUI 
ll8ll3 
'I\f\'EGAlIllll2 
?lftGE 
9982 
?ll.'EOC 9lI82 
?If<ElJ) Illl92 
?If:[G[ 9982 
?IIlEGF 9lI82 
?Int' 
91189 
?I(rootJ ll9ll2 
?klS 
88119 
7JlQ\'Fl. 81181 


~Jl<EYlOll8ll2 
?lJISTI( 8881 
?IJ)f1TAeeee 
?Ll:NlT eeeo 
?IEItI1 9lI82 
71£11.0 9982 
?IlIII)X ij975 
'!Il5AYE81181 
?lm.S 
8883 
?l£G1 
.,3 
?l£XTP llll82 
'IflEPT 9lI82 
?IUD) 
llll82 
?ll'TIO 8llI2 
'!OYBU'.3 
?OY!l1l Illl9J 
?I'l.US1 8883 
?PLUS3 8883 
?fd. 
eeee 
?mil 
llll82 
?RE:9 
eeee 
7JR81 
ll8ll1 
mnn 88rl2 
?f<f.Cl\' 9lI82 
?REOC 9lI82 
?ROTCN81181 
?ROlPA 81181 
?RSflYE-llElll9 
&1Jfl 
ll8ll3 
?SIZE 
eeeE 
'!5lft1I 
llll82 
?SIR.O 9lI82 
?START830C 
?STRTIt 9lI82 
?T'rPE 
9lI82 
'?I.JWr' lI92A 
'MR5N 9lI82 
?XPCOOlllIlllI 
?ZERO 8883 
fHTCH 96~ 
ASAYE 983E 
A5CERR91C9 
f) 
9843 
BCOOE 9836 
f)lTSO llll8E 
IlRKOO 8240 
IlRKERR94AG 
BRKTIL 822E 
IlRKNXT9234 
BLfCNT9841 
BLfLEN9918 
BVIE11 99F2 
ll't'lEIN 99F9 
C't'T£0 8108 
COO 
ff46B 
CGlNl 
947C 
CGCfAT9476 
CG05S 9489 
CGOTRA11489 
CGlNl 
11476 
cmlCl\ 
llll80 
CllARlN91CD 
CIMf 
8ll8fl 
CHfM«l llll88 
CIQlO 
ll5IlI) 
CIt<ERR92£1 
()I(SlJI 8895 
CI8 
964D 
CI1 
9651 
Cl2 
9659 
cn 
9662 
CI4 
8E.65 
CIN 
9649 
(.1(510( lI2IlB 
Cl£fR 
ll5F1 
CU1lfT ll8llC 
Cll>INT iIllIlA 
CIf'1f6 95E2 
(;II'R[l 
W8 
CNIRlZ lIlI1fl 
CNTT8I.lMA1 
CNTTRA94AA 
C01 
95C5 
CO2 
95C& 
C03 
95Cf 
crow.. 
llll96 
ClK8R 9228 
CMIL 
lI2E5 


~9461 
~922C 
ClIlSI Z 111193 
CTfli 
9823 
CIJlI)1G 8895 
OfITfIlL909C 
DATO 
862t 
DAT01 862E 
DWN< 85F5 
D8PNT 8144 
Db1:)( 
8915 
DC8 
91SA 
[)()IB.'I( 
91E.? 
00AI£Jl 91&1 
DEIKE Illl8C 
OCCUl: M3 
DECC.-ll192fF 
DECSIIIll2F4 
DELA\' ll4F2 
DELA\'194F5 
~9131 
DFILL 9148 
000 
8149 
()(J'AT~ 8llf.f 
DGl 
8150 
DINTRG9169 
DLST 
914E 
DIQ) 
8146 
otnl<K 
81CE 
DlH. 
82E8 
DPA 
8172 
DN:ERl(8165 
I>mEII 8151' 
DREC 
9151 
DREL 
9154 
DRIl 
91&3 
DRI.Il 
813£ 
DSD 
91~7 
DSGIOl 8m 
DSf-1U 8603 
D!J'IlI 
91aE 
D5f'LO 9194 
D5PItl 
8192 
DSPI1ID9199 
DSPTl" ll928 
0SPnt' 
ll8ll6 
DSS 
81(,/- 
DlII 
9115 
DIIlRI( 9161> 
ELSIF1 9llO7 
aSIF2 
lI9E5 
Elfill 
9833 
Elft.O 
9832 
EIQ.N( 9lI82 
UflRfII 81181 
ElU1 
859E 
OOFIL 8596 
Ell>li.'EC9641 
EorREC 95AE 
EPACC IlIl28 
EPalK 
834F 
EPCNT 8441 
EPCOO 941f 
EPCOO 941:> 
EPfTI 
8787 
EPPfl5S 9700 
EPPCIII lIll25 
Ef'f'ClO 9824 
EPP5W ll821 
EF'R9 
9823 
Ef'Rf.l 
8714 
t:f'RET 84C7 
EPRSET8918 
EPRIJl 94118 
EPRIJl1 848fl 
EPr<I.Il29499 
EPI\'\JG 9495 
EPJMl4 94112 
~ 
94fj3 
EPR1M6948A 
EPSSTP 81184 
EPSTE1 87DF 
~TE2 
87F1 
EPSTEP9700 
H'STlI! 87C3 
EPTlIR 9822 
ERR(J(2 81B6 
EXAI'l8 ll259 
E18l1 
9278 
EXAIl2 9281 
EXfI13 92Sfl 
EXf114 9293 
lXIIl5 
9275 
E>a'IIIN924F 
ElG'IOl ll888 
FDlIf'1 9617 
FD1J1'2 9C28 
FOOf'3 lI636 
rDltl'4 
964S 
FOOf'5 9632 
FIll)(}' 
9942 
GOm. 
9471 
H 
9845 
18>1 
8407 
1Ill)2 
94D5 
1llIlLFl'l'94C9 
fIlITHI 9827 
IIlITlO 9826 
II)flTlN Il2I>'9 
HEXA'".£91£6 
HExw: 8865 
HEXNI891f.f 
Ifl)(I£ 
8:lfl7 
IFILEO 8572 
Ifl£CIN 9297 
fRECO 96118 
IIlEGA ll82fl 
I~U]1 
Il92E 
IJ:EOC llll2C 
ffo:[(jI) 
8821) 
!IlElE 
8ll2E 
fI1(GF 
8lJ2F 
III'I..EIl 8200 
II«:SIfl 81F2 
!to 
91F4 
I1«:1I1 91FC 
INlT 
ll899 
1NITLP ll8llE 
IIf'I¥)1 ll8C7 
IIf'fDR ll8C8 
IIf't<E\' llllEC 
INYIl.S 9398 
ITIf' 
lIllll4 
JfU«S 
9226 
JIf'TBL ~ 
JTlFIL 9222 
JlOOJ 
lI228 
JTlLST 92111 
JTlKX> 929F 
JT(J![C 92ll 
JTlJU 
9216 
KBDW'll(jJB 
KBOI1 86C6 
KBOIN llbC2 
KOOPIl.8M 
KctJ.'B eeec 
KEY 
9893 
KE'r'Cl.R8917 
ill'DII 
8916 
KE\'EII) 8913 
KEYFIL8918 
KlYFLG8996 
Kl\'OO 891E 
KE\tOC 983C 
KE\'lST 891C 
KH'IIXl 891F 
KEVNXlll812 
KE\fAT 891~ 
KE\"," 
ll81A 
KE\'REl;8918 
KE'r'REGll818 
KEYRa 
8914 
KEVTRfl8919 
KGlI!ES901D 
KSETB ll898 
L.ASTKYlIllll4 
LDATA ll882 
LOOVTE9582 
LFEBR196C1 
LFEBRI(96C1 
LFEIl" 8698 
LFEINT ll6AS 
LFEPI1 ll604 
LFER9 96A5 
LFE.REG1169C 
LFE1El. 96([ 


LFETCH99FC 
LFILL 
92E9 
LFILL1 ll2f3 
U'GSEl. 94E1 
LSTBR18746 
LSTER28748 
LSTIJRI(8730 
LSTOIl 8721 
LS1INT 8T.l4 
L5TORE8799 
LSTf'Il 87lK: 
LSTR9 872F 
LSlkEG 87~6 
LSTlBl. 879G 
"0 
~8 
111 
9828 
IR)I) 
9824 
IR)OC 
ll825 
~IN 
ll829 
Ifl IN2 
98J:l 
~11fl 
9852 
~1I1l 
9969 
~11Il8 
ll89E 
~11fJ1 
ll8A9 


~II«:1 
ij9~ 
~III) 
9893 
~III)1 
88&7 
IRt. 
ll826 
IIlLOCK9lI82 
IIlEC 
ij92C 
II)~ 
8821) 
I£ItII 
98~ 
IEJl.O 
9834 
P[RR(J! ll8BC 
"II«: 
ll82Il 
111.01 
936F 
rtrN 
8928 
IIWJT 
8928 
lOa. 
8927 
II'U5El. ll849 
II.'l 
ll82E 
II.'lC 
9831 
If:R 
llll2F 
IIlRC 
11939 
I1XCH ll829 
I1XkL. ll928 
I«nS 
8894 
1t:G1 
~FFF 
I£XTPL 983f1 
NIB13 
91C2 
NIBIN 
91B8 
NIBIN2 91BA 
NIBO 
8SBB 
IUJRI( 
881ll 
t«Ml.S 
ll823 
IflEPTS 983D 
~ 
9839 
NXTLOC87&8 
lJ'T~ 
933F 
lFTfIl2 8346 
If'TfIl3 9349 
(f'TI~ 
9839 
lI!G'G8 9198 
~81FD 
lI!GPG2 8398 
lI!GPG3 93E9 
lI!GPG4 94fD 
lI!GPG5 9SFF 
(J!(J'G6 96FF 
lI!GPG7 87FD 
WTClR 8192 
0UTIt5G9194 


OOTUTL9198 
0Y9EAS8378 
OV1D1 ll88R 
0V182 
8313 
OV1BAS93A4 
CN2Il1 9:s13 
0Y2flA5831lA 
0Y3t1 
83ll 
0Y3IlA583CE 
0YBtF 
ll84E 
lM.M> 836A 
OVSlZE8917 
ove~ 
8361 
OVSIR' 9:sSA 
P8RK 
9819 
POIGlT ll8llE 
F't~ 
919A 
PG5I~ 
ll8FD 
PIIf'UT ll89(l 
PLUS1 81181 
PLUS3 ll8ll3 
~'RNT1 9Ui' 
f1.'KT2 9188 
f'5EGlil ll9l() 
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APPENDIX 
C 


COMMAND 
SUMMARY 


The following 
is a summary of the commands im· 


plemented by the HSE-49emulator monitor. Within each 
command group. tokens in each column indicate op· 
tions the user has when invoking those commands. 


Tokens in square brackets indicate dedicated keys on 
the keyboard (some keys having shared functions); 
angle brackets enclose hex digit strings used to specify 
an address or data parameter. Parameters in paren· 
theses are optional, with the effects explained above. 
The notation used is as follows: 


<SMA> 
- 
Starting 
Memory 
Address 
for block 
command. 


<EMA> 
- 
Ending 
Memory 
Address 
for block 
command, 


<LOC> 
- 
LOCation 
for individual 
accesses, 


<DATA> 
- 
DATA byte. 


Asterisks (') 
indicate the default condition 
for each 


command; thus that token is optional and serves to 
regularize the command syntax. 


Program/data entry and verification commands: 


(EXAM] 
(PROG MEM)' 
<LOC> 
(.] (NEXT) 


(DATA MEM) 
(PREV) 


(REGISTER) 
(.) 


(HWRE REG] 
(PROG BRK] 
(DATA BRK] 


Program/data initialization commands: 


[FILL) 
(PROG MEM)" 
<SMA> 
(.) <EMA> 
(.) <DATA> 
(.) 


(DATA MEM) 
(REGISTER) 
(HWRE REG) 
{PROG BRK] 
[DATA 
BRK] 


Intellec<l>development system or DY interface com· 
mands (for transferring HEX format files): 


(UPLOAD] 
(PROG MEM)" 
<SMA> 
(.) <EMA> 
(.) 


(DATA MEM] 
[REGISTER] 
[HWRE REG) 
(PROG BRK) 
(DATA BRK) 


(DNLOADJ 
[PROG MEM]' 
(.) 


(DATA MEM] 
(REGISTER) 
(HWRE REG) 
[PROG BRK) 
(DATA BRK) 


Formatted data dump to TTY or CRT: 


[LIST) 
(PROG MEM)' 
<SMA> 
(.) <EMA> 
(.) 


(DATA MEM] 
[REGISTER) 
[HWRE REG} 
(PROG BRK] 
(DATA BRK) 


Program execution commands: 


(GO) 
(NO BREAKJ' 
«SMA» 
(.) 
(WI BREAKJ 
(.J 
(SING STPJ 
(AUTO BRK] 
(AUTO STP) 


[GO/RST) 
(NO BREAK)" 
[.J 
[WI BREAKJ 
(SING STPJ 
(AUTO BRKJ 
(AUTO STP] 


Breakpoint setting and clearing: 


(SET BRKJ 
(PROG MEM)" 
<LOC> 
((,J <LOC> 
... ) (.J 


(DATA MEMJ 


[CLR BRK) 
IPROG MEM)" 
<LOC> 
((,J <LOC> 
... ) (.) 


[DATA MEM} 


APPENDIX 
D 


ERROR 
MESSAGES 


The following 
error message codes are used by the 


monitor software to report an operator or hardware er· 
ror. Errors may be cleared by pressing [CLR/PREV] or 
[END/.]. The 
format 
used 
for 
reporting 
errors 
is 
"Error- 
.n" where "n" is a hex digit. 


Operator 
Errors 


1. Illegal command initiator. 


2. Illegal command modifier or parameter digit. 


3. IIlega( terminator for Examine command. 


4. IIlega[ attempt to clear Error mode. 


5-9. Not used. 


Hardware 
Errors 


A. ASCII error - 
non·hex digit encountered in data 


field of hex format record. 


B. Breakpoint error. Break logic activated though break- 


points not enabled. 


C. Hex format 
record checksum error. Note - 
the 


checksum will not be verified if the first character of 
the checksum field is a Question mark ("?") rather 
than a hexidecimal digit. This allows object files to 
be patched using the ISIS text editor without 
the 


necessity of manualiy recomputing the checksum 
value. 


D. Not used. 


E. Execution processor failed to respond to a command 


or parameter passed to it by the master processor. 
EP automatically 
reset. EP internal status may be 


lost. Program memory not affected. 


F. Not used. 
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APPLICATION 
NOTE 


USING THE 8049 AS AN 80 COLUMN 
PRINTER CONTROLLER 
I. 
INTRODUCTION 


This 
Application 
Note 
details 
using 
INTEL's 
8049 


microcomputer 
as 
a dot 
matrix 
printer 
controller. 


Previous 
INTEL 
Application 
notes, 
(e.g. AP-27 
and 


AP-54) described 
using intelligent 
processors 
and peri- 


pherals 
to control 
single 
printer 
mechanisms. 
This 


Application 
note expands 
upon the theme 
established 


in these prior notes and extends 
the concept to include 


a complete 
bi-directional 
80 column 
printer 
using 
a 


single 
line buffer. 
For 
convenience 
this 
application 


note is divided 
into six sections: 


1. INTRODUCTION 
2. PRINT 
MECHANISM 
DESCRIPTION 


3. INTERFACE 
CIRCUITRY 


4. SOFTWARE 
5. CONCLUSION 
6. APPENDIX 


Over the last few years 
80 column output 
devices 
have 


become 
somewhat 
of a defacto 
output 
standard 
for 


business 
and 
some 
data 
processing 
applications. 
It 


should 
be 
mentioned 
that 
by 
no means 
is the 
80 


column format a "new" standard. 
80 column computer 


cards 
have been 
around 
for more 
than 
20 years 
and 


perhaps 
-the existence 
of these 
cards in the early 
days 


of computers 
is why the 80 column format is a standard 


today. 


Many 
CRT 
terminals 
use 
the 
80 by N format 
and 


to complement 
this a number 
of printers 
use this same 


format. 
One 
reason, 
aside 
from 
those 
historic 
in 


nature, 
for the 80 column standard 
is that 
80 columns 


of 12 pitch 
text 
on standard 
typewritten 
8.5 inch by 


11 inch paper 
completely 
fills up an entire 
line and al- 


low ample room for margins. 
So, the 80 column format 


is an aesthetically 
convenient 
format. 


Printers 
are usually 
divided 
into either 
impact or non- 


impact and a character 
or line oriented 
device. 
Impact 


printers 
actually 
use some 
type 
of "striker" 
to place 


ink on the 
paper. 
More 
often 
than 
not 
the 
ink is 


contained 
on a ribbon 
which 
is placed 
between 
the 


striker 
and the paper. 
Non-impact 
printers 
use some 


means 
other 
than direct 
pressure 
to place the charac- 


ters on the paper. 
This type of printer 
is very fast be- 


cause there 
is very little mechanical 
motion associated 


with placing 
the characters 
on the paper. 
However, 
because 
the 
paper 
is required 
to be treated 
with 
a 


special substance, 
it is not as convenient 
as an impact 


printer. 


Character 
printers 
are capable 
of printing 
one charac- 


ter at a time. 
(Any standard 
home typewriter 
is in 


effect a character 
printer.) 
Line printers 
must print an 


entire 
line at a time. 
Line printers 
are usually 
quite 


a bit faster 
than 
character 
printers, 
but they 
usually 


don't offer the print quality 
of character 
printers. 


In recent 
years, 
the "computer 
boom" has caused 
the 


price 
of printers 
to tumble 
markedly. 
High 
volume 


production, 
competition, 
and the tremendous 
demand 


for reliable 
print 
mechanisms 
have all contributed 
to 


the decrease 
in price. 
Because 
of their 
simplicity, 
line 


printer 
mechanisms 
have 
decreased 
in price 
faster 


than other 
mechanisms. 
Therefore, 
when high quality 


print 
is not needed, 
a line printer 
is a very attractive 


choice. 


This application 
note 
describes 
how to control 
an 80 


column 
impact-line 
printer 
with 
an 8049/8039. 
The 


complete 
software 
listing 
is included 
in the appendix. 


The 8049 is the high-performance 
member 
of the MCS- 


48™ microcontroller 
family. 
The Processor 
has all of 


the features 
of the 8048 plus twice the amount 
of pro- 


gram 
and data 
memory 
and 
an 11MHz clock speed. 


For details 
about the 8049, please refer to the MCS-48 


user's 
manual. 


II. 
PRINT MECHANISM 
DESCRIPTION 


The 
model 
820 printer 
is available 
from 
C. ITOH 


ELECTRONICS 
(5301 BEETHOVEN 
STREET, 
LOS 


ANGELES, 
CA 90066). 
This inexpensive 
and simple 


printer 
is ideal for applications 
requiring 
80 columns 


of dot matrix 
alpha-numeric 
information. 


The 
model 
820 printer 
is comprised 
of three 
basic 


sub-assemblies; 
the 
chassis 
or frame, 
the 
paper 
feed 


mechanism, 
and the print 
head. 
The diagram 
in Fig- 


ure 2.1 gives the physical 
dimensions 
of the basic print 


mechanism. 
The basic chassis 
for the printer 
is con- 


structed 
out 
of four 
sheet 
metal 
stampings. 
These 


stampings 
are screwed 
together 
to form a sturdy 
base 


on which 
all other 
components 
of the 
printer 
are 


mounted. 


The paper feed mechanism 
consists 
of a toothed 
wheel, 


a solenoid, a tension 
spril)g, and a "catcher." 
When the 


solenoid 
is activated, 
the 
arm 
of the 
solenoid 
pulls 


against 
the spring 
and drags 
over the toothed 
wheel. 


When the solenoid 
is released, 
its arm is pulled by the 


spring, 
but 
this 
time 
the 
arm 
grabs 
a tooth 
on the 


wheel and pulls the wheel forward 
which advances 
the 


paper. 
A "catcher," 
which is merely 
a piece of plastic 


held 
against 
the 
toothed 
wheel, 
is added 
to assure 


that 
the paper 
is advanced 
only one "tooth" 
position 


each time the solenoid is activated. 


The print 
head is comprised 
of seven 
solenoids 
which 


are mounted 
in a common 
housing. 
The solenoids 
are 


physically 
mounted 
in a circle, but their 
hammers 
are 


positioned 
linearly 
along 
the 
vertical 
axis. 
These 


seven 
vertically 
positioned 
hammers 
are the strikers 


that actually 
do the printing. 
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Figure 2.1 
Physical Dimensions 
of C.ITOH 
Model 


820 Printer 
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Figure 2.2 
"Formation" 
of a Character 
by a Dot 


, Matrix Printer 


A motor, mounted 
toward 
the back of the print 
mech- 


anism, drives 
a rubber 
toothed 
belt which turns 
a rol- 


ler guide. 
A motor 
turns 
a guide 
that 
moves 
the 


print head from right to left and left to right. 
By prop· 


erly 
timing 
the 
current 
flow through 
the 
solenoids 


while the print 
head is moving 
across 
the paper, 
char- 


acters 
can be formed. 
Figure 
2.2 illustrates 
how the 


dot matrix 
printer 
"forms" 
its characters. 


The timing 
pulses 
for the 
print 
head 
mechanism 
are 


generated 
by an opt(}-electronic 
sensor. 
This sensor, 


located 
on the 
left side 
plate 
of the 
printer, 
informs 


the print controller 
when to apply current 
to the print 


head mechanism. 
This "on·board timing wheel" assures 


that 
all· characters 
will be properly 
spaced 
and that 


they will all be "in-line" in a vertical 
sense. 


The 
print 
mechanism 
is also equipped 
with 
two 
ad· 


ditional 
sensors. 
These 
are 
the 
left 
home 
position 


sensor, 
located 
near 
the left front 
of the mechanism, 


and the right 
home position 
sensor, 
located 
near 
the 


right 
front 
of the 
print 
mechanism. 
These 
sensors 


simply 
tell the 
controller 
when 
the 
print 
head 
is in 


either 
the 
left or right 
home 
position. 
A complete 


timing chart for the printer 
is shown in Figure 
2.3. 


III. INTERFACE 
CIRCUITRY 


The 
manual 
supplied 
with 
the 
printer 
recommends 


some specific 
interface 
circuitry. 
For 
the 
most 
part 


the circuitry 
used 
in this 
Application 
Note 
followed 


these 
suggestions. 
The circuitry 
needed 
to drive 
the 


print head solenoid 
is shown 
in Figure 
3.1. This same 
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Figure 2.3 Timing Diagram of C. ITOH 


Model 820 Printer 
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Figure 3.1 Solenoid 
Drive Circuit 


(Eliminate 
R2 for Line Feed Solenoid) 


circuit is used to drive 
the line feed solenoid except 


that 
the 
current 
limiting 
resistor 
R2 is eliminated, 
This resistor 
is not needed because the line feed solen- 
oid is physically 
much larger 
than the print head sol- 


enoids and can tolerate 
much higher levels of current. 


The 
print 
head 
drivers 
are 
connected 
to an 8212 


latch. The latch is interfaced 
to the BUS PORT on the 


8049 and is enabled whenever 
the WR pin and the BIT 4 


of PORT 1 are coincidentally 
low. The line feed driver 


is connected to PORT 1 BIT 1 of the 8049. 


Note that the driver 
is simply a Darlington 
transistor 


that is driven by an open collector TTL gate. 
Resistor 


R2 is the current 
limiting resistor 
and diode D. capa- 
citor C. and resistor 
R3 are used to "dampen" 
the in- 
ductive 
spike 
that 
occurs 
when 
driving 
solenoid 
S. 


This circuit is repeated 
for each of the seven solenoids 


in the print 
head. 
It should 
be mentioned 
that. 
al- 
though 
the type 
of Darlington 
transistor 
needed 
to 


drive the print head is not critical. a collector current 
rating 
of at least 
5 amps 
and a breakdown 
voltage 


(Vceo) of at least 100 volts is needed. 
Transistors 
that 


do not meet these 
requirements 
will be damaged 
by 


the inductive kickback of the solenoids. 


As mentioned 
in Section 2. the printer 
provides 
some 


sensor interface signals that are derived via three opto- 
electronic 
sensors. 
These 
signals 
must 
be amplified 


and converted 
to TTL levels in order 
to interface 
to 


the controller. 
This conversion 
is accomplished 
with a 


simple voltage comparator. 
Figure 
3.2 is a schematic 


of the sensor interface 
circuitry. 
Note that hysterisis 


is employed 
on the voltage 
comparators. 
This elimi- 


nates "false" sensing-. 


Figure 3.2 Example of Sensor Circuit 


Motor control 
is accomplished 
by using a Monsanto 


MCS-6200 optically-coupled 
TRIAC. 
This part is ideal 


in this kind of application 
because it provides a simple 


means 
of controlling 
a line-operated 
motor 
without 


sacrificing 
the isolation 
needed 
for safe and reliable 


operation. 
Figure 3.3 is a schematic 
of the motor driv- 


ing circuit. 
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To interface 8049 to the outside world one 8212 latch 
was used. This latch was connected to the BUS PORT 
and is enabled by an INS or MOVX instruction coin- 
cident with BIT 4 of PORT 1 being in a logical zero 
state. In this configuration. the 8212 was used to hold 
the data until read by the 8049. The connection of 
the 8212 to the 8049 is shown in Figure 3.4 and the 
parallel port timing diagram is shown in Figure 3.5. 
The 8212 parallel port was connected to the LINE 
PRINTER OUTPUT of an INTELLEC MICROCOM- 
PUTER DEVELOPMENT SYSTEM. 
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Figure 3.4 Connection 
of the 8212 


Input Port to the 8049 
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IV. SOFTWARE 
As mentioned in Section 2. the bulk of the timing 
needed to control the printer is actually generated by 
the printer itself. Therefore. all the software must do 
is harness these timing signals and turn on and off the 
right solenoids at the right time. 
To make things easy. the software needed to drive 
the printer 
is broken into four separate 
routines. 
These are: 


1. INITIALIZATION ROUTINE 
2. INPUT ROUTINE 
3. OUTPUT ROUTINE 
4. LOOKUP ROUTINE 


The INITIALIZATION ROUTINE turns the motor on 
and checks the opto-electronic sensors. 
If a failure is 


found. the routine turns off the motor and loops on it- 
self. This insures that the print mechanism is cycled 
properly before characters are accepted for printing. 


This routine also initializes all of the variables used by 
the printer. 


The INPUT ROUTINE reads the characters that are 
present in the 8212input port and writes them into the 
8049's buffer memory. 
The routine then checks the 


characters to see if a CARRIAGE RETURN (ASCII 
OCB) has been transmitted. 
If a CR is detected, the 


input routine automatically inserts a LINE FEED as 
the next character. 
When the input routine detects a 


LINE FEED, it stops reading characters and sets the 
direction bits and the print bit in the status register. 
This action evokes the OUTPUT ROUTINE. A detailed 
flowchart of the INPUT ROUTINE is shown in Figure 
4.1. 


The OUTPUT 
ROUTINE 
initializes 
both the input and 


output 
buffer 
pointers 
and then 
reads 
the characters 


from the 
OO49's buffer 
memory. 
After 
a character 


is read 
the 
OUTPUT 
ROUTINE 
calls the 
LOOKUP 


ROUTINE 
which reads 
the proper 
bit pattern 
to form 


that character. 
This bit pattern 
is then used to strobe 


the 
solenoids. 
After 
each 
character 
is printed, 
the 


OUTPUT 
ROUTINE 
calls the INPUT 
ROUTINE 
and 


another 
character 
is placed 
into the 
buffer 
memory. 


This type of operation 
guarantees 
that the input buffer 


cannot 
"overrun" 
the 
output 
buffer. 
A 
flowchart 


of the OUTPUT 
ROUTINE 
is shown in Figure 
4.2. 


Figure 4.2 Output Routine Flowchart 


IV·1.HANDLING 
THE 1/0 BUFFER 


Since 
the 
C. ITOH 
Model 
820 printer 
is capable 
of 


printing 
in both 
directions 
the 
80 character 
buffer 


must be manipulated 
in a manner 
as to allow maximum 


input-output 
efficiency. 
This is accomplished 
by rever- 


sing the "direction" 
of the 
buffer 
memory 
each time 


the printer 
is printing 
from right 
to left. 
For simpli- 


city, if it is assumed 
that 
the buffer 
is only five bytes 


long, Figure 
4.3 can be used to help explain 
the buffer 


operation. 


Initially 
the input buffer pointer 
is loaded with the ad- 


dress 
of the first 
location 
in the 
buffer 
memory. 
As 


characters 
are 
read, 
the 
input 
buffer 
pointer 
incre- 


ments 
and fills the buffer 
memory 
as shown in Figure 


4.3(b) through 
4.3(0. 
When 
a CARRIAGE 
RETURN- 


LINE 
FEED 
(CRLF) is encountered 
the input 
buffer 


pointer 
and the output 
buffer pointer 
are reset 
back to 


the first location. 
The OUTPUT 
ROUTINE 
then reads 


the character 
from the first location in the buffer mem- 


ory, increments 
the output 
buffer pointer 
and calls the 


INPUT 
ROUTINE, 
which 
reads 
another 
character 


from the parallel 
input port. 


The OUTPUT 
ROUTINE 
reads 
the entire 
buffer, 
in- 


serting 
space 
codes 
(20H) after 
a CR 
is detected, 


and the input buffer 
pointer 
follows the output 
buffer 


pointer 
as they "increment" 
up to the buffer 
memory. 


When 
the 
OUTPUT 
ROUTINE 
has printed 
the 
last 


character 
or space, the output 
buffer 
pointer 
and the 


input buffer pointer 
are set to point at the last location 


of the buffer 
memory. 
The OUTPUT 
ROUTINE 
then 


reads the character 
from the last location of the buffer 


memory 
and proceeds 
to "decrement" 
down the buffer 


memory. 
Space codes are inserted 
until a CR is found. 


Figure 
4.3(1) to 4.3(0). 


The 
input 
buffer 
pointer 
follows 
the 
output 
buffer 


pointer 
just 
as in the previous 
case. 
When 
the 
last, 


or in this case the first character 
is printed, 
the output 


buffer 
pointer 
and the input 
buffer 
pointer 
are set to 


point at the last location 
of the buffer 
memory. 
Now 


the 
pointers 
are 
"decrementing" 
down 
the 
buffer 


memory, 
but the printer 
is actually 
printing 
in a "nor- 


mal" left to right fashion. 


When the last character 
or space is printed, 
the output 


buffer and the input buffer 
pointer 
are set to the first 


location of the buffer memory 
and printing 
takes 
place 


in a reverse 
or right 
to left manner. 
After 
this 
line 


is printed, 
the print 
head and both buffer 
pointers 
are 


in the same 
position 
as they 
were 
initially. 
So, four 


lines must 
be printed 
before 
the buffer 
pointers 
and 


the 
print 
head 
complete 
a cycle. 
Each 
of these 
sit- 


uations 
is handled 
separately 
by four 
different 
sub- 


routines: 
CASEO, CASE1, CASE2, and CASE3. 


IV·II. TIMING 


All critical 
timing for the printer 
controller 
came from 


two basic sources; 
the 
timing 
sensors 
on the 
printer 


and the internal 
eight-bit 
timer of the 8049. 


The 
internal 
timer 
of the 
8049 was 
used 
to control 


the 
length 
of 
time 
the 
solenoids 
were 
fired 
(600 


microseconds) 
and 
was 
also 
used 
as a "one-shot" 
to 


align the printer. 
This alignment 
is needed 
to make 


the 
"backward" 
printing 
line up vertically 
with 
the 


normal 
or forward 
printing. 
The "one-shot" 
is used to 


measure 
the 
time 
from 
the 
last 
column 
of the 
last 


character 
position until the right sensor 
flag is covered. 
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When the print 
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direction 
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the 
timer 
is then 
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to 
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printing 
in the 
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direction. 
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and the print 
wheel on the printer 
are used 


to determine 
when to place a character. 
The strobe 


from the print wheel informs the 8049 when to fire the 
solenoids 
and 
the 
timer 
allows 
the 
proper 
spacing 


between 
the characters. 


V. 
CONCLUSION 


Although 
the 
full speed 
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8049 was 
not 
used 


in this application. 
the high speed of the 8049 makes 
it 


possible 
to "fine-tune" 
any critical 
timing 
parameters. 
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the 
extra 
available 
CPU time 
could be 


used to add an interrupt 
driven 
keyboard 
and display. 


such as the 
ones 
discussed 
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This would allow the printer 
to function 
as a complete 


"terminal". 


Very little attempt 
was made to optimize 
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but 
still 
the 
entire 
program 
fits 
easily 
in 1.25K of 
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750 bytes 
for printer 
control 
and 500 bytes 
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lookup. 
Adding 
lower case to the printer 


would require 
an additional 
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of lookup table. 
The remaining 
250 bytes 
should be used to add "user" 
features 
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8049 combined 
with 
its hard- 
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architecture 
make it an ideal choice 


for controlling 
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printer. 
The IiO structure 
of the 
8049 minimizes 
the 
amount 


of external 
hardware 
needed 
to control the printer 
and 


the large amount 
of on-board 
program 
and data 
mem- 
ory allow quite 
a sophisticated 
control 
program 
to be 


implemented. 


t]J 


11.0MHZ 


XTAL 
2 
~ 
XTAL1 
"F------1 
XTAL 2 
I 


15PF 


P14 
T1 
P16 
P17 


31 
39 
33 34 


P" 28 
PlO 27 


P20 
21 
P2' 
22 
P23 23 


TO 
PSEN 
WR 
RO 
DB 
DB, 


OB2 
OB3 
DB. 
OB5 
DB 
OB7 


J 
RIGHT 
I 
l 
SENSOR 


----l 
LEFT 
I 
~ 
SENSOR 


I 
I POSITION I 
--, 
SENSOR 


I 


OPTO·TRIAC 
I 
MOTOR 
DRIVER 
r---------------------------------, 


I 
I. THE 8212 AND THE 2716 
I 
A7 #91 
008 
018 22 
I 
WOULD 
NOT BE NEEDED 
IF 
I 
A6";"":":: 
007 
017 20 
I 
AN 8049 WAS USED INSTEAD 
I 
A5 ~ 
006 
016 18 
I 
OF AN 8039 


I 
~ 
OE 
2716 
A. ~ 
005 
8212 
015 llJ 
I 
I 
22 A8 
A3 Moo. 
01. t--- 
I 
I 
A9 
A2 ~ 
003 
013 -'-- 
I 
I 
1 
7 6 
5 
I 
I 
18 A,o 
A. n 002 
012t- 
I 


I 
-.:.::: ~'02030.0506~i 
-"---"- DO. 
011 
I 


I 
91 
111 
1 1~ 1 1 
I 
L 
J 


1 
23 
3 


400' 
OS, 
INT 
0"15 
--;;"6002 
0'2 


~003 
0.37 
400• 
014 9 


1 
005 
8212 
0'5 
16 
15 006 
0,6 
18 
17 007 
017 20 
19 008 
c- 


21 


OS2 
-c-J2 


-t>o-~USY 


DATAl 
OATA2 
OATA3 
OATA4 
OATA5 


OATA6 
OATA7 


1 


3 
Oil 
OS, 
-t 012 


--"- 
013 
--f01. 


16 
015 
8212 


18 
016 


20 
017 
018 


OO'T 
002--=-- 
003 
8 
DO. 10 


005 
~~ 
006 


007~ 


BBBB 
BB BJ 
BBB~ 
BB83 
888. 
8885 


BBB6 
BBB, 
ao .;F 
as 28 


!H!Z 
~"O_"A" 
I"PlE"ENTS 
COHT 
•.Ol 
OF 
TNE 
C 
ITON 
"ODEl 
828 


~PIHTEo. 
THE 
HHROWARE 
CONFICUo.ATION 
IS 
AS 
SUCH: 


.8212 
IH~UT 
PORT 
ON 
8US 
• 
DATA 
INPUT 


:8,12 
OUTPUT 
~ORT 
ON 
8US 
• 
OUTPUT 
TO 
SOLENOID 
HAHHERs 


:TI 
!Ho.UT 
: 
CHARACTER 
POsiTIOHINe 
SENSOR 
ON 
PRINTER 


TO 
iHo.U' 
: 
iHTERRUPT 
FROH 
8~12 
INPUT 
PORT 


;PORT 
18 
"oTOR 
ON, 
lOW' 
ON 


.o.OiT 
J l' 
llHE 
FEED 
STR08L 
lOW' 
ON 


'o.Oo.T 16 
: 
lEFT 
HARCIH 
SEN~OR, 
lOW 
WHEN 
COYERED, 
HleN 
WHEN 
OPEN 


:PORT 
,7 
: 
o.l_HT 
HARelH 
SENSOR, 
lOW 
WHEN 
COYERED, 
NleH 
WHEN 
OPEN 


:Tl 
: 
~IH 
2 
OF 
lH33', 
PRINT 
WHEEL 
SENSOR 


:PO"T 
16 
• 
PIH 
13 
OF 
LH33' 


:o.OiT 
17: 
o.IH 
14 
OF 
LH3H 


,SY~TE" 
EOL'ATES 


iH 8 UF 
EgU 
P.8 


OLIT 8U F 
EgU 
0.1 


SAYPHT 
EgU 
.., 


S T8 CH T 
[gU 
P.J 
TE HPI 
[gU 
R. 


STATUS 
[gU 
0.5 
;81T 
8 
• 
LINE 
FEED 
SET 


;BIT 
I 
• 
PRIHT 


;BIT 
2 
• 
COHTINUE 


;BIT 
3 
• 
CR 
FOUND 


;8IT. 
IF 
FOUND 


;BIT 
5 
LF 
FOUND 
IN 
PRINTINe 
;BIT 
6 
PRINT 
OIRECTIOH 


;0 
: 
"JCHT 
TO 
lEFT 


:1 
• 
lEFT 
TO 
RICHT 


;BIT 
7 
: 
8UFFER 
LOAD 
DIRECTION 
;8 
• 
FIRST 
TO 
HAX 


; 1 
• 
"AK 
TO 
FIRST 


:THE 
LIHE 
COUHTER 


;POINTS 
AT 
INPUT 
LOCATION 


'POINTS 
AT 
OUTPUT 
LOCATION 


'STATUS 
FOR 
PRINTINC 


;STROBE 
COUNTER 


ljNCHT 
EgU 
0.6 


,IU H ~ 1 
EgU 
~;' 
"AX 
EgU 
HH 
F J R ST 
EgU 
~8H 
SEJECT 


intJ 
Ap·91 


LOt 
OBJ 
SEO 
SOU~[E 
5T~TE"EHT 


•• 


SBBa 
'5 
O~C 
BBBH 


46 


47 
JU"P 
0'1£ 0. 
THE 
IHTERRUPT 
LOCATIOHS 
.8 


JBBa 
15 
.9 
(II ~ 
I 
; OOH' 
T 
USE 
IHTERRUPTS 


aBBJ 
Haa 
~,S 
~l"P 
BelH 
;BE 
C I H 
THE 
PROCRA" 
51 


BaSA 
52 
OH 
BAH 


5J 


5' 
. STAPT 
THE 
ppOeRA" 


55 


56 
l (l[IP 
llHT~l 
THE 
BUF 
FER 
FILL 
S 
UP 
57 


BaaA 
FD 
58 
PRHT: 
"[1"1 
A·STATUS 
:CET 
THE 
STATUS 


BBBB 
32 
J 1 
59 
\181 
LPRln 
:IF 
PRIHTIHe. 
COHTIHUE 


BasD 
34Ba 
6a 
CAll 
L[IBUF 
:READ 
IHTO 
THE 
BUFFER 


OBBF 
o. 
aA 
61 
,I" 
P 
PPIH 
: L[IOP 


6~ 


63 
. T HI 
S 
POUT 
IHE 
PRIHTS 
A 
1I 
HE 
•• 
IT 
F J ~ S T 
S,", 'JE S 
THE 
STATUS 


.5 
AH~ 
lHEH 
!IETER"IHES 
WHICH 
[lj RECTI 
OH 
TO 
P~IHT 
•• 
'AH~ 
H(lW 
TO 
HAHIPUlATE 
THE 
BUFFER 


67 


08 ! 1 
3.0 
63 
lPPIH: 
J"P 
S"~(HK 
: eo 
F I x 
UP 
THE 
STATUS 


3B 
1 ; 
F224 
b3 
L P P HT J : 
JB7 
( H:; E 23 
;JU"P 
TO 
[A 
SE 
2 
AHD 
3 


3B 
1~, 
Doll 
(' 
70 
J"P 
( '"'SE 81 
: ,'UHP 
TO 
[A 
SE 
a 
AHD 
I 
II 
72 
[HS 
E 0 I 
• 
LOAClIHG 
THE 
BUFFER 
FRO" 
FIRST 
TO 
"A 
X 
?J 


B817 
8~28 
,. 
CASEBI: 
"(I'; 
OUTBUF 
.HIRST 
.: SE T 
UP 
OUTBUF 


BO I ~ 
88~8 
75 
"0'1 
IH311F 
HIRST 
; SE r 
UP 
I H 8 UF 


aBIB 
FA 
76 
HO'I 
f.j·,f.jVPHT 
:eET 
THE 
SAYED 
STATUS 


3BJ[ 
~4 [It 
, , 
CAlL 
"OlOH 
:TURH 
OH 
THE 
"0 
T OR 


Ba 
IE 
(1252 
73 
,18b 
( 
1"1 3E 1 
; P~ 
I H T 
FOWARD 


BBZB 
If" 8.3 
:'':t 
C~!..l 
Po.IH8K 
:eEl 
REAOV 
TO 
PRIHT 
BACKWARDS 
OS22 
SOl 
a8 
J"P 
( 
1-1 SE B 
;PPIHT 
BACr.WARDS 


81 


82 
(H~E23.· 
I. oA[11 
He 
BUFFEo. 
FRO" 
HAX 
TO 
FIRST 


83 


0824 
9'6F 
8' 
CASE23: 
HO'I 
OllTBUF. 
'HAX 
: SE T 
UP 
OU T BU F 


aa26 
88tiF 
35 
HO'I 
'HaUF.'HAX 
:SET 
UP 
I H 8 UF 


0828 
FA 
a. 
Ho'l 
A 
"A'JPHT 
; eE T 
THE 
PRIHI 
SlA1US 
3829 
34 (1(. 
87 
CAlL 
110 T (IU 
:TURH 
OH 
lHE 
HOTOR 


382 
B 
[,n2 
88 
,I Ec 6 
[ 
""' 
E J 
; PRI 
H T 
lEF 
1 
10 
~leHT 


BO 2{1 
'.B3 
89 
CAlL 
F' 0 H T 8): 
:eET 
R E AO'( 
TO 
P RI 
H 1 
BAnWAROS 
aB2F 
a.3D 
9S 
,111 F- 
e. H '3 E 2 
: PO.I 
H T 
PIe 
H 1 
TO 
lEFT 


~ I 


92 
.• E ,I E t T 


inter 


LOC 
OIJ 


1131 
FI 
IIn 
34'1 
1134 
1121 
IIn 
F242 
1131 
'45E 
113A 
CUE 
113C 
IF21 
IIn 
'463 
1141 
1431 
1142 
IF 21 
1144 
'463 


1146 
'45E 
1141 
CUE 
114A 
F I 
1141 
8121 
1140 
34'1 
114F 
AF 
1151 
1444 


1152 
FI 
1153 
34'1 
1155 
AF 
II" 
8121 
1158 
F262 
115A 
'463 
115C 
'45E 
115E 
C675 
II" 
1452 
1162 
8121 


1164 
8F 28 


8166 
'463 


1168 
'45E 
IIU 
C675 
lIit 
FI 


II6D 
34'1 
116F 
1462 


'3 
CASEI, 


94"" 
97,." 
III 
III 
112 
FDC: 


113 
FDCI' 
114 
115 
116 
117 
III 
119 
III 
III 
112 
113 
114 
115 
116 
CASEI: 


117 
118 
I" 
121 
121 
122 
123 
124 
125 
CRFOHO: 


126 
127 
128 
12' 
131 
131 
132 
133 
tEJECT 


HOY 
CALL 
HOY 
JI7 
CALL 
J2 
HOY 
CALL 
JRP 
ROY 
CALL 
CALL 
J2 
ROY 
ROY 
CALL 
ROY 
JRP 


A, tDUTBUF 
FXPRHT 
'OUTlUF,12IH 
FOC 
IHCTST 
WATCHD 
JUNK I, 12IH 
HPRHT 
CASEI 
JUHU,I28H 
'TPRHT 
IHCTST 
WATCHD 
A, tDUTlUF 
'OUTlUF,12IH 
FXPRHT 
JUHU,A 
FOCI 


;'ET 
THE 
CHARACTER 


;ADJUST 
FOR 
PRIHTIH' 


;PUT 
A 
SPACE 
IH 
8UFFER 
RAR 
,FOUHO 
A 
CR 


,UPOATE 
OUTlUF 
;WAIT 
FOR 
EHD 
"ET 
A 
SPACE 
TO 
PRINT 


;'0 
PRINT 
A 
SPACE 


'LOOP 
'CO 
PRINT 
THE 
LAIT 
IPACE 


'CO 
PRIHT 
A 
CHARACTER 


'CHECK 
OUT 
IUFFER 


;WAIT 
FOR 
THE 
EHO 


;'ET 
THE 
CHARACTER 
'PUT 
A 
SPACE 
THERE 


'FIX 
THE 
CHARACTER 
UP 


;SAYE 
IT 


)LOOP 
, 
;CASE 
I, 
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;GET 
A 
SPACE 
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;GO 
READ 
THE 
LAST 
CHARACTER 


1181 ., 
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;CASE 
3. 
PRlHTIHG 
LEFT 
TO 
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CHARAC TER 


IICC 
9472 
218 
CALL 
DECTST 
; CHECK 
THE 
BUFF ER 


liCE 
C67S 
211 
JZ 
WATCH 
;LEAH 
IF 
DONE 


IIOB 
14C2 
212 
JMP 
CASEJ 
;LOOP 


1102 
8121 
213 
CHHD: 
MDY 
'OUTBUF 
.121H 
; PU T 
A 
SPACE 
IN 
THE 
IUFFE 
R 
RAM 
1104 
BF21 
214 
MDY 
JUHKI..2AH 
; CE T 
A 
SPACE 


1106 
9463 
21S 
CALL 
GTPRHT 
;PRINT 
A 
SPACE 


IIDB 
9472 
216 
CALL 
DECTST 
;CHECK 
THE 
BUFF ER 


IIDA 
C67S 
217 
JZ 
WATCH 
;LEAYE 
IF 
DONE 


IIDC 
FI 
218 
MOY 
A.80UTBUF 
: GET 
HEKT 
CHARACTER 


liDO 
3491 
219 
CALL 
FKPRNT 
;ADJUST 
IT 


"OF 
1402 
221 
JMP 
CRFND 
; LOOP 
221 
fE J EC T 


inter 


1111 
., 
1111 
121C 
1183 
1217 
1115 
I'll 
1117 
'2IF 
III' 
FE 
IlIA 
4388 
IIIC 
AE 
1110 
23FF 
IIIF 
72IA 
1111 
'478 
1113 
., 
1114 
72IA 
1116 
UIA 
1111 
2413 
IlIA 
2488 


IIIF 
FO 
1121 
5249 
1122 
'249 
1124 
724A 
1126 
HO' 
112B 
3461 
112A 
AI 
112B 
FO 
112C 
F2H 
112E 
18 
112F 
237. 
1131 
08 
1132 
"49 
II J4 
F8 
1135 
17 


II 
36 
AB 
1137 
244' 
IIH 
F8 
113A 
17 
II 
JB 
AI 


113C 
2JIF 
113E 
DB 
113F 
"49 
1141 
18 


1142 
244' 
1144 
FO 


1145 
124' 
1147 
'258 
114' 
8J 


114A 
'406 
114C 
23IA 
IIH 
2428 


1151 
FO 
1151 
325' 
1153 
4382 
1155 
8341 
1157 
AD 
1158 
8J 
115' 
5268 


115B 
4384 
1.150 
8341 


115F 
AD 
1168 
8J 


LOBUF: 
IN 
JI5J" 
OU 
ARNO: 
JB4 
NOY 
OU 
NOY 
NOY 
NOFF: 
JB3 
CALL 
BUTLOP: 
IN 
J83 
JB4 
JNP 
NOLF: 
JNP 


A.PI 
LNNOOE 
ARND 
PI. 
III 
N 
NOFF 
A.lINCNT 
A .188N 
lINCNT 
A 
A.IIFFN 
NOLF 
LINEFD 
A. PI 


NO LF 
NOLF 
8UTLOP 
LDBUF 


READ 
PORT 
1 
81T 
5 
• 
N 
• 
LINE 
NODE 


JUNP 
AROUND 
IF 
NOTOR 
IS 
ON 


TURN 
TNE 
NOTOR 
OFF 
NO 
FORN 
FEED 


;CET 
THE 
LINE 
COUNTER 


'SET 
NSI 


'RESTORE 
TNE 
LINE 
COUNTER 


;SET 
ACC 


:JUNP 
IF 
NO 
LINE 
FEED 
;CO 
00 
A 
LF 
DR 
FF 
'READ 
TNE 
PORT 


;WAIT 
FOR 
SWITCH 
TO 
IE 
RELEASED 
;WAIT 
FOR 
SWITCN 
TO 
8E 
RELEASED 
;LOO' 
.: LOOP 


CHAR: 
NOY 
JB2 
JB4 
JB3 
CAll 


COOO: 
CAlL 
NOY 
NOV 
JB7 
IHC 
NOV 
XU 
JNZ 
NOY 
DE C 
NOY 
JNP 


SUBI: 
NOY 
HC 
NOY 
NOY 
XU 
,1HZ 
IHC 
\INP 
CETSTA: 
NOY 
JBI 
,IB4 
ARHDJP: 
RET 


A.STATUS 
ARNDJP 
ARHDJP 
LFCRCK 
CT CAR 
FXCNAR 
'IHBUF,A 
A.STATUS 
SUB I 
IHBUF 
A.INAX+I 
A.IHBUF 
AR HoJP 
A.IHBUF 


A 
INBUF,A 


A R HD J' 
A.INBUF 


A 
IHBUF,A 
A.IFIRST-I 
A.INBUF 
ARHoJP 
IHBUF 
ARHDJ' 
A.STATUS 
ARHoJP 
SUITI 


.:CET 
THE 
STATUS 


; IF 
CONT IHUE 
IS 
SET, 
DOH'T 
LOAD 
;IF 
LF 
IS 
SET. 
DOH'T 
LOAD 
;WAS 
CR 
SET. 
SEE 
IF 
NEXT 
CHAR 
IS 
LF 
;CO 
READ 
A 
CHARACTER 


:NAKE 
SURE 
IT 
IS 
OK 


'SAVE 
CHARACTER 
IN 
BUFFER 
NENORY 
;CET 
THE 
STATUS 


;IF 
BIT 
7 
IS 
SET 
DECRENENT 
BUFFER 
'UPDATE 
INBUF 


:CET 
TOP 


;ARE 
WE AT 
THE 
TOP' 


;IF 
HOT 
CET 
THE 
STATUS 


.:CET 
IHBUF 


'CHAHCE 
BV 
OHE 


'PUT 
IT 
BACH 
,CET 
THE 
STATUS 


;CET 
INBUF 


; CHAHCE 
BV 
OHE 


;PUT 
INBUF 
BACK 


;CET 
THE 
80TTON 
OF 
THE 
BUFFER 
;TEST 
THE 
BUFFER 
;IF 
HOT 
ZERO 
READ 
THE 
STATUS 


;NOYE 
INBUF 
BACH 
'CD 
CET 
STATUS 


.:CET 
THE 
STATUS 


;IF 
BIT 
B 
SET. 
BVPASS 


;IF 
LF 
IS 
FOUHD. 
SET 
THE 
STATUS 


; EX I T 


LF CRCH: 
CAll 
NOY 
JNP 


CTeAR 
A.IIAH 
CO DO 


;READ 
A 
CHARACTER 


;CET 
A 
LIHE 
FEED 


;JUNP 
BACK 


sTBITI: 
NOY 
JBI 
ORl 
ADD 
NOY 
RET 
SHUT: 
J82 
OU 
ADD 
NOY 
BHBVE: 
RET 


A. STATUS 
STPRNT 
A.1I2H 
A.I4IH 
STATUS.A 


BHBVE 
A.1I4H 
A .148H 
STATUS.A 


;LOAD 
THE 
STATUS 


;IF 
STILL 
PRINTINC. 
LEAYE 
; SET 
PRI HT 
BIT 


;UPDATE 
'OSITION 
COUNTER 
;PUT 
STATUS 
BACK 


;EXIT 
ROUTINE 
'CHECK 
CONTIHUE 
BIT 


;sET 
CONTI 
HUE 
BIT 


;UPOATE 
PRIHT 
DIRECTION 
;PUT 
THE 
STATUS 
BACK 


.: EX I T 


inter 
AP·91 


lOC 
OBJ 
SH 
SOU~[ 
E 
~lH;~"EH1' 


298 
;THIS 
ROUTIHE 
• COHVERT 
S· 
lOWER 
CASE 
lETTERS 
TO 
2" 
;UPPER 
CASE 
381 


1161 
'7 
311 
FKCHU': 
ClR 
C 
.:ClEAR 
THE 
CARRY 


1162 
537F 
382 
AHl 
A.IHH 
; STRI 
P 
"S8 


1164 
AF 
383 
HOY 
J U HK L 
A 
.: SAYE' 
ACC 


1165 
13AI 
384 
ADO 
A.18ABH 
; SEE 
IF 
HUHBER 
IS 
UH 


1167 
£671 
385 
JNC 
F I HE 
.: IF 
CARRY 
I SN' 
T 
SE T. 
JUHP 
II" 
FF 
386 
HOY 
A. ,I UHK I 
; CE T 
A CC 
BACK 


116A 
3? 
387 
CPL 
A 
; SUBTRACT 
28H 
FRO" 
THE 
ACC 
II" 
8321 
388 
ADO 
A. 
HIN 


1160 
3? 
31' 
CPl 
A 


116E 
24 74 
318 
JHP 
FIXOUH 
:JUHP 
TO 
TEST 
CR 
IF 


1178 
3? 
311 
FIHE: 
CPl 
A 
.: HOW 
SUBTRACT 
AlN 
FRO" 
AC C 
1171 
IUB 
312 
AOO 
A.IIA8H 


1173 
37 
313 
CPl 
A 


BI74 
AF 
314 
FIXOUH: 
HOY 
JUHKLA 
;SAYE 
A 


BI75 
0380 
315 
XH 
A.IIOH 
: IS 
CHARACTER 
A 
CR 


1177 
" 
7F 
316 
JNZ 
lFTEST 
; IF 
IT 
IS 
HOT 
TEST 
IF 


liB 
FD 
317 
HOY 
A.STATUS 
; CE T 
THE 
Sf 
AT US 


BI7A 
4388 
318 
OH 
A.18SH 
; SE T 
BI 
T 
3 


117C 
AD 
31' 
HOY 
STATU5.A 
;RESTORE 
THE 
STATUS 


BI7D 
248F 
32B 
JHP 
F I XF IN 
.:lEAVE 


117F 
FF 
321 
lFTEST: 
HOY 
A.JUNKI 
; CE T 
CHARAC 
TER 
BACK 


BIBB 
03BA 
322 
XH 
A.IIAH 
; IS 
IT 
A 
IF 


BI82 
C'89 
323 
JZ 
FIXUP 
; IF 
ITS 
HO T • 
WE 
ARE 
DONE 
IIB4 
FF 
3:!4 
HOY 
A.JUNK! 
.: CE T 
THE 
CHARACTER 
BACK 


BI85 
D38C 
325 
XRl 
A.IICH 
; IS 
IT 
A 
FOR" 
FEED 


1187 
"8F 
328 
JNZ 
F 1 XF IN 
; IF 
NOT 
FOR" 
FEED. 
J U"P 


1189 
FO 
327 
FIXUP: 
"OY 
A .. STATUS 
; CE T 
THE 
STATUS 


BIBA 
4318 
328 
OH 
A.IIBN 
; SE T 
BIT 
4 


118C 
AO 
329 
HOY 
STATUS. 
A 
;RETURH 
THE 
STAT 
US 


BIBD 
3451 
33B 
CALL 
STBITI 
; SE T 
THE 
STATUS 


BIBF 
FF 
331 
FIKFIN: 
HOY 
A .. ,IUHK! 
;CET 
THE 
CHARACTER 


lOC 
OBJ 
SEQ 
SOUP.CE 
STATEHNT 


BI91 
83 
332 
RE T 
; EKI 
T 
FIXCHAR 
333 
334 
; T HI S 
ROUTINE 
RECOGNIZES 
A 
IF. 
FF. 
AN [I 
CR 
335 
;OURIHC 
THE 
PR I HT 
OPERAT 
J ON 
336 
;IT 
ALSO 
FORCES 
A 
SPACE 
IF 
A 
CHARACTER 
FOUHO 
337 
; IH 
THE 
BUFFER 
IS 
HOT 
IN 
THE 
lOOKUP 
TA91E 
338 


BI91 
AF 
339 
FXPRHT: 
MY 
JUNKJ, 
A 
;SAYE 
AC C 


BI92 
038C 
341 
XH 
A.IICH 
;FOR" 
FEED 


BI94 
C'B2 
341 
JZ 
F F F I X 
; CO 
SET 
FORH 
FEED 


BI" 
FF 
342 
HOV 
A. 
,I UHK I 
:RESTORE 
CHARACTER 


BI97 
0380 
343 
XH 
A.IIOH 
: SEE 
IF 
IT 
IS 
A 
CR 


BI" 
C'AB 
344 
JZ 
CRFI 
X 
: lEAVE 
IF 
IT 
IS 


BI9B 
FF 
345 
HOY 
A. JUHK! 
;CET 
ACC 
BACK 


BI9C 
038A 
34' 
XH 
A. 
UAH 
: SEE 
IF 
IT 
IS 
A 
IF 


BHE 
CBAB 
347 
JZ 
lFF 
I X 
:lEAVE 
IF 
IT 
IS 


BIAI 
FF 
348 
HOY 
A, 
JUNK 
I 
: CET 
CHARACTER 
8AC~ 


IIAI 
5HB 
349 
ANl 
A.IIE8N 
; SEE 
IF 
IT 
IS 
A 
CHARACTER 
BIA3 
"BD 
35B 
JNZ 
I SCNAR 
; IF 
IT 
IS 
JUHP 


81 A5 
2328 
351 
HOY 
A.12BH 
;PUT 
A 
SPACE 
IN 
AC C 


BIA7 
83 
352 
RE T 
; EK I T 


BlAB 
43BB 
353 
CRFH: 
OH 
A 
teBH 
; SE T 
BIT 
7 


BIAA 
83 
354 
RE T 
: EK I T 


llAB 
FO 
355 
lFFIX: 
"OV 
A.STATUS 
:CET 
THE 
STATUS 


BIAC 
4321 
356 
OH 
A.I28H 
.: SE T 
IF 
BI 
T 
I H 
STATUS 


BIAE 
AD 
357 
HOY 
STATUS.A 
:PUT 
THE 
STATUS 
BACK 


BIAF 
2321 
358 
HOY 
A,I28H 
: GET 
A 
SPACE 


BIBI 
83 
359 
RET 
;HIT 


BIB2 
FO 
38B 
FFF 
I X: 
HOY 
A .. STATUS 
:CET 
THE 
STATUS 


BIB3 
4328 
361 
OH 
A .. I28H 
; SE T 
LIHE 
FEEO 
BI 
T 


BIB~ 
AD 
382 
"OY 
STATUS, 
A 
:PUT 
THE 
STATUS 
BA CK 


IIB£ 
FE 
363 
HOY 
A .. lIHCNT 
; CE T 
THE 
1I 
NE 
COUNT 


BI17 
438B 
364 
OH 
A. 
teBH 
; SE T 
81T 
7 


BIB9 
AE 
3" 
HOY 
LI 
HCHT, 
A 
;PUT 
LIHE 
COUHT 
SACK 


BIBA 
2321 
3£6 
HOY 
A,128H 
:CET 
A 
SPACE 


8IBC 
83 
3£7 
RE T 
;EXIT 


81 BD 
FF 
388 
I SCHAR: 
HO'/ 
A·JUNK! 
:CET 
CHARACTER 
&ACK 


81 BE 
533F 
3£9 
ANl 
A.13FH 
; Sf R 1 P 
THE 
TWO 
HS8 


BICI 
83 
37B 
RE T 
: EUT 


inter 
AP·91 


LOG 
08,1 
SH 
SOURLE 
STi4TE"ENT 


37/ 
372 
;THIS 
ROUTINE 
PRIHTS 
THE 
CHARACTER 
IN 
THE 
ACC 
373 


II CI 
AC 
374t 
PRHTlT: 
HDY 
TEHPI..A 
SAYE 
CHU 
ACTER 
IIC2 
E? 
37' 
RL 
A 
HULTIPLY 
8Y 
TWO 


IIC3 
E? 
376 
RL 
A 
HULTIPLY 
81' FOUR 


IIC4 
'C 
377 
ADO 
A, TEHPI 
ADO 
OHCE 
TO 
HULTIPLY 
81' 5 


378 
37' 
:HOW 
SEE 
WHAT 
PART 
OF 
THE 
LOOI:UP 
T A8L E 
TO 
USE 
381 


IIC' 
2C 
381 
XCH 
A, TEHPI 
.:PU T 
CHARACTER 
IH 
A, 
TARGET 
IH 
TEHP 1 
IIC' 
82CA 
382 
,18' 
SHORT 
:,IUHP 
TO 
HIGH 
AIIORESS 
IF 
8 IT 
5 
SE T 
IIC8 
HAB 
383 
JHP 
PAGE 
I 
:GO 
TO 
F HST 
PART 
OF 
LOOKUP 
TA8LE 
IICA 
'4AB 
384 
SHORT: 
J"P 
PA GE 2 
:CO 
TO 
SHOHO 
PAGE 
OF 
LOOKUP 
TA8LE 


38' 
3U 
;T HI S 
ROUTIHE 
TRIGGERS 
THE 
SOLENOIDS 
FOR 
619 
HICROSECOHDS 
387 
;AFTER 
WAITIHG 
FOR 
THE 
TRIGGER 
SIGHAL 
FRO" 
THE 
PR IHTER 
388 
;. 


IICC 
AF 
3B 
FIRE: 
HOY 
J UHK LA 
; SAVE 
THE 
ACC 


IICD 
FD 
3'1 
HOY 
A,STATUS 
:CE T 
THE 
STATUS 


lICE 
0204 
HI 
JU 
NT I 
;SEE 
IF 
FORWARD 
OR 
BACKWAROS 
1101 
5601 
H2 
FIREX: 
JTI 
F I REX 
;WAIT 
FOR 
T I 


1102 
2406 
H3 
JHP 
F IRE I' 
:LEAVE 


1104 
H04 
JH 
HT I: 
JHT I 
H T I 
;LOOP 


1106 
FF 
395 
FIREI': 
HDY 
A"IUNKl 
.:GE T 
ACC 
BACK 


1107 ,. 
396 
HDYX 
UI, 
A 
:TRIGGER 
THE 
SDLEHOIO 
3H 
3'8 
;NOW 
KILL 
U8 
" ICROSECOHOS 


3H 


1108 
2JF3 
411 
HOY 
A,IIF3H 
LOAD 
DELAY 
HUHBER 


IIOA 
'2 
411 
HOV 
T, A 
PUT 
IT 
IN 
TIHER 


81DB 
55 
412 
STRT 
T 
START 
THE 
TJ HE R 


81DC 
16EI 
413 
TSJTF: 
JTF 
KT DUN 
LOOP 
OH 
T IHER 
FLAG 


810E 
HOC 
484 
JHP 
TSJTF 


IIEI 
27 
485 
KTDUH: 
CLR 
A 
ZERO 
AC C 
IIEI ,. 
41' 
HOYX 
PR8 ..A 
TURH 
OFF 
SOLENOIDS 


llEZ " 


417 
STOP 
TCHT 
STOP 
THE 
TI"ER 


llE3 
83 
418 
RE T 
EX IT 
FIRE 
ROUTIHE 
48' 
tEJHT 


inter 
AP·91 


lOC 
08J 
SED 
SOURCE 
5HTEUHT 


411 
411 
;....~.~ 
.......~....~...........................•. ~.........•... 


412 
413 
;TH15 
IS 
THE 
L0O~ UP 
TA8LE 
THE 
NSB 
15 
HOTt 
USEDJ 
THE 
N58 
- 
I 


414 
;IS 
THE 
DOT 
THAT 
15 
THE 
TOP 
OF 
AHY 
CI VEH 
CHARACTER 
AHO 
THE 


415 
;l5B 
15 
THE 
[to T 
THAT 
IS 
THE 
BOTTON 
OF 
AHY 
CI VEH 
CHARACTER 


416 
417 
;.....................................•.......•..•...••.•.....•. 


418 


8218 
419 
ORC 
288H 
428 
;. 


8218 
3E 
421 
TABlEI: 
08 
HH 


8281 
41 
422 
08 
41H 
· 
8282 
50 
423 
DB 
SOH 
••• · 
8283 
59 
424 
08 
"H 
.. · 
8284 
4E 
425 
DB 
4EH 
... 
426 


8285 
7C 
427 
08 
7CH 
..... 


8286 
12 
42B 
DB 
12H 


8287 
II 
429 
['B 
11 H 


8288 
12 
438 
08 
12H 


828' 
7C 
431 
08 
7tH 
432 


82U 
7F 
433 
DB 
7fH 
•••• 
:41 •• 


8288 
49 
434 
DB 
49H 


828C 
49 
435 
DB 
49H 


8280 
49 
436 
08 
HH 
· 
828E 
36 
437 
DB 
36H 
.. .. 
438 


828F 
3E 
439 
DB 
HH 


8218 
41 
448 
DB 
4 IH 


8211 
41 
441 
DB 
41H 


8212 
41 
442 
DB 
4 IH 
· 
8213 
22 
443 
DB 
22H 
. 
444 


8214 
7F 
445 
08 
lFH 


8215 
41 
446 
DB 
41 H 
· 
8216 
41 
447 
DB 
41 H 
· 
8217 
41 
44B 
DB 
41 H 
· · 
8218 
3E 
449 
DB 
3EH 
..... 
458 


8219 
7F 
451 
DB 
7FH 
....... 


821A 
49 
452 
DB 
4'H 
. · 
8218 
49 
453 
DB 
4~H 


821C 
49 
454 
DB 
4':1H 


8210 
41 
455 
DB 
41H 
456 
H 
JECT 


inter 
AP·91 


lOC 
08J 
SEQ 
SOURCE 
SToTE"ENT 


457 


821E 
7F 
458 
08 
7FH 


821F ., 
45' 
DB 
B~H 


8228 ., 
H8 
DB 
B~H 


8221 ., 
HI 
DB 
8~H 


8222 
81 
H2 
DB 
81H 
H3 


8223 
3E 
H4 
DB 
JEH 


8224 
41 
H5 
DB 
41H 


8225 
41 
H' 
DB 
41H 


822' 
51 
H7 
DB 
5IH 
.. 


8227 
71 
H8 
DB 
71H 
... 
4" 


8228 
7F 
478 
DB 
7FH 
....... 


822' 
88 
471 
DB 
BBH 
822A 
88 
472 
DB 
BBH 


8228 
88 
473 
08 
BBH 


822C 
7F 
474 
DB 
7FH 
475 


B22D 
81 
4H 
DB 
BlH 


822E 
41 
477 
DB 
41H 


822F 
7F 
47B 
DB 
7FH 
....... 


8238 
41 
47' 
DB 
4 IH 


8231 
81 
488 
DB 
BBH 
481 


8232 
21 
482 
DB 
2BH 


8233 
41 
483 
DB 
48H 


8234 
41 
484 
DB 
48H 


8235 
48 
485 
DB 
48H 


B236 
3F 
48' 
DB 
3FH 
...... 
487 


8237 
7F 
488 
DB 
7FH 


823B 
88 
48' 
DB 
BBH 


82H 
14 
498 
DB 
14H 


823A 
22 
4' 1 
DB 
~2H 


8238 
41 
4~2 
DB 
4 IH 
4'3 


823C 
7F 
4H 
DB 
7FH 


8230 
48 
4'5 
DB 
UH 


823E 
48 
4% 
DB 
4BH 


823F 
4B 
4!7 
DB 
4BH 


8241 
4B 
4'8 
DB 
4BH 
." 
8241 
7F 
588 
DB 
7FH 


8242 
82 
581 
DB 
B2H 


8243 
8C 
5B2 
DB 
8CH 
.. 


82H 
82 
583 
DB 
B2H 
. 


8245 
7F 
584 
08 
7FH 
585 


8246 
7F 
51i 
DB 
7FH 


8247 
14 
587 
DB 
B4H 


824B 
8B 
58B 
DB 
BBH 


82H 
18 
5U 
DB 
IBH 


824A 
7F 
518 
DB 
7FH 
•••• 
'4 •• 


511 
tEJECT 


LOC 
OIJ 
SEg 
SOURCE 
STATENENT 


512 


1241 
JE 
513 
08 
JEH 


124C 
41 
514 
08 
4 IH 


1240 
41 
515 
08 
41H 


124E 
41 
51i 
08 
41H 


124F 
JE 
517 
08 
3EH 
..... 
518 


1251 
7F 
5U 
08 
i'FH 
.:11 ••••• 


12'1 ., 
521 
08 
8'H 
. 


1252 ., 
521 
08 
I,N 


12'3 ., 
522 
08 
I'H 
· 
1254 
Ii 
523 
08 
8iH 
.. 
524 


1255 
JE 
52' 
DB 
JEH 


12'i 
41 
52i 
08 
41 H 
. 


12'7 
'1 
527 
DB 
51H 
.. · 
1251 
21 
52B 
08 
21M 
. · 
12" 
5E 
52' 
08 
~EH 
531 


125. 
7F 
531 
V8 
7FH 


1251 
I' 
532 
08 
8'H 


125C 
U 
533 
08 
I'H 


1250 
H 
534 
08 
29H 


125E 
46 
535 
V8 
46H 
530 


125F 
2i 
537 
08 
26H 
•• 
12U 
H 
538 
08 
4'H 


12iJ ., 
5H 
V8 
4~H 


12i2 ., 
548 
V8 
4~H 


12i3 
32 
541 
V8 
32H 
542 


82i4 
II 
543 
08 
B1H 


12i5 
81 
5H 
V8 
B IH 


82i6 
7F 
545 
08 
7FH 


12i7 
II 
54i 
08 
BIH 


12i8 
81 
54? 
V8 
BIH 
548 


12U 
3F 
54' 
08 
HH 


12iA 
41 
558 
08 
UH 


12i8 
41 
551 
08 
48H 


12iC 
41 
552 
08 
UH 


12iD 
3F 
553 
D8 
HH 
...... 
554 


82iE 
IF 
555 
V8 
IFH 
..".. 


12iF 
21 
55i 
V8 
28H 


8271 
41 
557 
DB 
48H 


1271 
21 
55B 
DB 
28H 


8272 
IF 
", 
VB 
IFH 
568 


1273 
7F 
HI 
08 
FH 


1274 
21 
5i2 
V8 
8N 


1275 
18 
H3 
08 
9H 


127i 
21 
5i4 
08 
8H 


8277 
7F 
HS 
V8 
FH 
Hi 
HJECT 


intJ 
Ap·91- 


LOC 
08J 
SED 
SOURCE 
saTENEHT 


567 


1278 
63 
568 
08 
63H 
". 
1279 
14 
5" 
08 
I4H 
• · 
8Z7A 
18 
571 
08 
B8H 
· 
1278 
14 
571 
08 
14H 
·· 
U7C 
63 
572 
08 
63H 
•• 
•• 
573 


1270 
13 
574 
08 
B3H 
•• 


127E 
14 
575 
08 
B4H 


127F 
78 
576 
08 
78H 
.... 


1288 
14 
577 
08 
B4H 
· 
1281 
IJ 
578 
08 
83H 
.. 
57' 


1282 
U 
581 
08 
61H 
.. 


1213 
51 
581 
08 
51H 
1214 ., 
582 
08 
HH 
• 


IUS 
45 
583 
08 
45H 
• • 


1286 
4J 
584 
08 
43H 
.. 
585 


1217 
7F 
586 
08 
7FH 
....... 


1288 
7F 
587 
08 
7FH 
........ 


12., 
41 
588 
08 
41H 
. 


IUA 
41 
58' 
08 
41H 


1218 
41 
5,. 
08 
41H 
HI 


128C 
12 
5'2 
08 
82M 


IUD 
14 
593 
08 
84H 


IUE 
18 
594 
08 
88H 
· 
B28F 
11 
H5 
08 
18H 
· 
IBI 
21 
5" 
08 
28H 
. 
5H 


12'1 
41 
5,. 
08 
41 H 


IB2 
41 
H' 
08 
4 IH 


IB3 
41 
611 
08 
41H 


1294 
7F 
611 
08 
7FH 
....... 


1295 
7F 
612 
08 
7FH 
613 


IB6 
11 
614 
08 
18H 


1297 
18 
615 
08 
88H 
IB8 
14 
616 
08 
84H 


12" 
18 
617 
08 
8aH 


12'A 
II 
688 
08 
18H 
61' 


12,. 
41 
618 
08 
48H 


IBC 
41 
611 
08 
48H 


12U 
41 
612 
08 
48H 


IBE 
41 
613 
08 
48H 


IBF 
48 
614 
08 
48H 
615 
HJECT 


inter 
Ap·91 


LoC 
oBJ 
SEe 
SOURCE 
saTEHENT 


616 


82AB 
BBBI 
617 
PACEI: 
Hoy 
STlCNT, 
.88N 
ZERO 
STROBE 
COUNTER 


B2A2 
FA 
618 
Hoy 
A,SAYPNT 
CE T 
DIRECTION 


B2A3 
J7 
61' 
CPl 
A 
FLI 
P 
BITS 


B2A4 
0283 
62B 
JB6 
BAKWRD 
IF 
BACKWARD 
JUMP 
OUT 


B2A6 
FC 
'21 
lUo: 
Hoy 
A,TEMPl 
CET 
THE 
TARCET 


B2A7 
AJ 
622 
HDYP 
A,fA 
CET 
THE 
DATA 


82AB 
HCC 
623 
CALL 
FIRE 
STROBE 
THE 
SOLENOIDS 


82AA 
IC 
624 
IHC 
TEMP 1 
IHCREHEHT 
THE 
POINTER 


82AB 
18 
62' 
IHC 
STBCHT 
IHCREMEHT 
THE 
STROBE 
COUHTER 
82AC 
FB 
62' 
Hoy 
A .. STerHT 
CE T 
THE 
STROBE 
COUNTER 
82AD 
031' 
627 
XRL 
A ..tB'H 
IS 
IT 
FIH 


82AF 
'U6 
62B 
JNZ 
LKlO 
REPEAT 
IF 
HOT 
FIYE 


8281 
84AE 
62' 
JHP 
SETTJH 
CO 
BACK 


8113 
FC 
631 
Buno: 
HOY 
A, TEMPI 
CE T 
THE 
TARCET 


BlI4 
8384 
631 
ADD 
A.tB4N 
COMPEHSATE 
FOR 
COINC 
BACKWARDS 
8116 
AC 
632 
HOY 
TEMPLA 
SAYE 
IT 


8117 
FC 
633 
LKLOI: 
HOY 
A, TEMPI 
CE T 
THE 
TARCET 


8288 
A3 
634 
MOYP 
A .. fA 
CE T 
THE 
DATA 


8289 
HCC 
6B 
CALL 
FIRE 
STROBE 
THE 
SOLEHolDS 


8288 
FC 
636 
HOY 
A 
TEMP I 
eET 
TEMPI 


828C 
87 
637 
Dee 
A 
DECREASE 
BY 
ONE 


8280 
AC 
63B 
MOY 
TEMPLA 
PUT 
1 T 
BACK 


82BE 
I B 
639 
I HC 
STBCHT 
lHCREMEHT 
TNE 
STROBE 
COUHTER 
82BF 
FB 
648 
MOY 
A .. STBCHT 
eE T 
THE 
S nOBE 
COUN TER 


82C8 
031' 
641 
XRL 
A· IB5H 
IS 
IT 
FIYE 


82C2 
96B7 
642 
JNZ 
L no 
I 
REPEAT 
IF 
HOT 
FIH 


82C4 
B4AE 
643 
JMP 
SETTI" 
co 
BACK, 
CHARACTER 
IS 
OOHE 


644 
tEJECT 


. u. 
u_ . 
..V 
~'"'11:."~"'1 


645 
;. 


1311 
646 
ORC 
311M 
647 
;. 
648 


1311 
II 
64' 
08 
11M 


1311 II 
651 
08 
88M 


1312 
II 
651 
08 
11M 


1313 
II 
652 
08 
11M 


1314 
II 
653 
08 
11M 
654 


1315 
II 
655 
08 
11M 


1316 II 
6S6 
08 
11M 


1387 
SF 
6S7 
08 
5FM 


1388 II 
658 
08 
88M 


13., 
II 
65' 
08 
11M 
668 


131A 
II 
661 
08 
11M 


1388 
17 
662 
08 
87M 
... 


131e 
II 
663 
08 
11M 


13U 
17 
664 
08 
87M 


131E 
II 
6" 
08 
11M 
666 


13IF 
14 
667 
08 
14M 
·· 
131.8 7F 
668 
08 
If:H 
..... ,... 


1311 
14 
6" 
08 
14M 
· • 


1312 
7F 
671 
08 
7FM 
....... 


1313 
14 
671 
08 
14M 
• • 
672 


1314 
24 
673 
08 
24M 


8315 
2A 
674 
08 
2AM 
·.· 
1316 
7F 
675 
08 
7FM 
....... 


1317 
2A 
676 
08 
2AM 
· • • 
1318 
12 
677 
08 
HH 
· 
678 


1319 
2J 
67' 
08 
23H 
· .. 


131A 
13 
681 
08 
13M 
· .. 


1318 
88 
681 
08 
88H 


131t 
64 
682 
08 
64" 
.. · 
1310 
62 
683 
08 
62H 
.. · 
"4 


I3IE 
J6 
"S 
08 
36M 
.. .. 


13 IF 49 
6" 
08 
49M 
. . 


1328 
56 
687 
08 
56M 


1321 
21 
618 
08 
aH 
· 
1322 
S8 
61' 
D8 
58H 
.· 
"I 
fEJECT 


inter 
Ap·91 


LDC 
08,1 
SEQ 
SOUHE 
~T"'E"EHl 


6~ I 
lin 
II 
"2 
D8 
88H 


1324 
II 
B3 
D8 
88H 


U2S 
87 
,,~ 
['9 
87H 


1326 
II 
"S 
D8 
BBH 


B327 
BI 
696 
('9 
BBH 
"7 


8328 
IC 
"3 
['8 
HH 


132' 
22 
", 
['9 
22H 


832A 
~1 
788 
D8 
OH 


1328 
BI 
7B1 
D9 
BBH 


832C 
BI 
7B2 
D8 
88H 


lBJ 


1320 
BI 
78~ 
1'9 
88H 


132E 
II 
78S 
D8 
88H 


132F 
~ 1 
78' 
1'9 
41 H 
un 
22 
787 
08 
~2H 
. . 


1331 
IC 
?BB 
['8 
lCH 
... 


78' 


1332 
22 
718 
['8 
~~H 


1333 
14 
711 
D8 
14 H 
.. 


8334 
7F 
712 
['8 
~FH 
....".,. 


U3S 
I. 
713 
D8 
14 H 
.. 


8336 
22 
71~ 
D8 
22H 


('15 


1337 
B8 
71. 
D8 
BSH 


8338 
88 
717 
D8 
88H 
un 
7F 
718 
DB 
:' F H 


U3A 
88 
71' 
D8 
8SH 


8338 
8B 
7~9 
l.e 
B8H 


721 


133C 
BI 
7~:! 
1'9 
88H 


833D 
~8 
723 
lie 
4BH 


133E 
38 
724 
liB 
38H 


133F 
88 
725 
['8 
BBH 


134B 
BI 
72" 
['8 
BBH 


l:!? 
1341 
BB 
728 
['9 
B8H 
1342 
BB 
7'29 
DB 
B8H 


8343 
8B 
739 
['8 
BSH 


B34~ 
89 
731 
['8 
B8H 


83~5 
B8 
732 
[.B 
B8H 
733 


B346 
88 
73~ 
[.e 
BBH 


8347 
B8 
73S 
DB 
BBH 


8348 
48 
736 
DB 
UH 


83H 
BI 
737 
D9 
BBH 


834A 
8B 
733 
DB 
BBH 


733 
834B 
28 
748 
De 
~BH 


B34e 
1B 
(' 4 : 
[.e 
1B H 


83~D 
sa 
;' 4 2 
[·e 
B8H 


B34E 
B~ 
741 
['B 
B." 


BHF 
B2 
744 
DB 
82H 


74C'5 
B3SB 
3E 
740 
[.8 
HH 


B3S1 
51 
7~7 
['8 
51 H 


B352 ~~ 
7~8 
D8 
"'H 
8353 
45 
74' 
08 
45H 


83 S4 
3E 
750 
['8 
HH 


(' 51 


83S5 
BI 
7~2 
('8 
BBH 


83S6 
42 
753 
{'B 
"2H 


83S7 
7F 
7S~ 
['8 
7FH 


835B 
~8 
755 
[.8 
4BH 


83S~ 
BI 
756 
[.8 
BBH 


,57 
83SA 
62 
75B 
08 
&2H 


B3 SB 
SI 
75' 
DB 
~o1 H 


B3SC ., 
76B 
OB 
49H 


BBD 
~9 
761 
,OB 
49H 


B3SE 
H 
762 
['B 
46H 


763 


B3SF 
21 
76~ 
OB 
2 I H 


B368 
41 
7'5 
['B 
4 IH 


intJ 
AP·91 


lOt 
08J 
SE~ 
SOURn 
$lH~E"ENT 


8301 ., 
7H 
118 
HH 


836~ ~o 
767 
D8 
4lJH 
..· 
8303 
33 
768 
['8 
33H 
.. 


7" 


8304 
18 
778 
08 
18H 
.. 


8305 
14 
771 
08 
14H 
·· 
83H 
12 
772 
08 
12H 
· . 
830i 
7F 
773 
118 
7FH 
••••••• 
:41 


8368 
18 
774 
08 
18H 
· 
775 


83" 
27 
776 
08 
27H 
. ... 


83iA 
45 
777 
08 
45H 
. 
• • 
8308 
45 
778 
D8 
45H 
• · 
830C 
45 
77' 
['8 
45H 


8300 J! 
788 
[18 
3':tH 


78 J 


830E 
3C 
782 
08 
3CH 
..." 
830F 
4A 
783 
08 
4AH 
8378 ., 
784 
08 
4'H 


1371 ., 
785 
1'8 
.'H 


8372 
Jl 
786 
D8 
3tH 


787 
8373 
81 
783 
[18 
8JH 
8374 
71 
78' 
08 
;JH 


8375 
8' 
7'8 
08 
8'H 


8376 
85 
7'1 
08 
85H 
·· 
8377 
83 
7'2 
[18 
83H 
.:. 


793 


8378 
36 
7'" 
08 
3bH 


837' 
4' 
;'5 
[18 
.'H 


837A 
4' 
.,~,,; 
['8 
4~H 
. 


8378 4' 
,'7 
08 
4'H 
. 


137C 
36 
798 
D8 
30H 
.. .. 
", SEJUT 


LOC 
08J 
S£O 
SOUP,IE 
S TN TE HE " T 


888 


8370 
46 
881 
08 
46H 


837E 
~9 
982 
D8 
HH 


837F 
49 
883 
D8 
4t;tH 
. 


8388 
29 
88~ 
D8 
2~H 
.. 


8381 
1E 
885 
08 
1 E H 
886 


1382 
88 
887 
08 
88H 


8383 
88 
888 
08 
88H 


138~ 
14 
889 
D8 
14H 


838S 
8B 
818 
08 
88H 


8386 
8B 
811 
08 
88H 
812 


1387 
8B 
813 
08 
88H 


8388 
~8 
814 
08 
48H 


83., 
34 
815 
08 
34H 


838A 
8B 
816 
D8 
88H 


8388 
88 
817 
08 
88H 
818 


8381 
18 
819 
08 
88H 


838D 
14 
828 
08 
I~H 
· • 
838E 
22 
821 
[18 
~2H 
. 


838F 
41 
822 
D8 
41 H 
· 
8398 
8B 
823 
D8 
88H 
82. 


8391 
1~ 
825 
08 
I4H 


8392 
1~ 
826 
[18 
14 H 


8393 
14 
827 
[18 
14 H 
·· 
1394 
1~ 
828 
[18 
14H 
·· 
83'S 
I~ 
829 
[18 
14H 
·· 
838 


8396 
8B 
831 
[18 
88H 


8397 
~l 
832 
D8 
4 IH 


8398 
22 
833 
[18 
:.'2H 


8399 
14 
834 
D8 
14 H 


839A 
88 
835 
[18 
88H 
836 


8398 
82 
837 
D8 
8~H 
. 


839C 
81 
838 
08 
8 IH 
· 
839D 
59 
839 
08 
~. ~ H 
· 
839E 
85 
848 
[18 
85H 


139F 
82 
841 
[18 
82H 
842 
H.IE 
[:T 


LUL 
;:<I"!I:"II;" 
1 


13111 
8881 
90 
PACE~: 
Mo'/ 
ST8tH"i, 
.BlH 
; ZE Ro 
STROBE 
CoUHTH 


IJII~ 
FA 
844 
MoV 
A·SAHHT 
; CE T 
OIRHTIOH 


13A3 
J7 
845 
CPL 
A 
; FLI 
P 
8ITS 


IJA. 
tt28~ 
846 
J8' 
er.WR(' 
; IF 
9ACKWARO 
JUMP 
OUT 


13116 
Fe 
847 
LKHI' 
"OV 
A,TE"PI 
; CE T 
THE 
TARGET 


13117 
8HI 
843 
ADD 
A,H8H 
; AO,IUST 
THE 
TAHET 


1311' 
A3 
84' 
"oH 
A, fA 
; CE T 
THE 
DATA 


8311A 
HCl: 
858 
CALL 
FIRE 
;STR08E 
THE 
SoLEHOIOS 


83AC 
I C 
851 
IHC 
TE"P 
I 
: IHCREMEHT 
THE 
POIHTER 


13110 
18 
852 
IHC 
STBCHT 
; IHCREMEHT 
THE 
5 TR08E 
tOUHTER 


83AE 
F8 
853 
"OV 
A .. 5T8CHT 
; CE T 
THE 
STROBE 
CoUHTER. 


IJAF 
0385 
854 
XU 
A 
185H 
, 15 
IT 
FlY 
E 


1381 
'6A6 
855 
JHZ 
U:HI 
;REPEAT 
IF 
HOT 
F lYE 


1383 
3UE 
856 
J"P 
5ETTI" 
; CO 
8ACK 


8385 
FC 
857 
BKWRD' 
"0'/ 
A·TE"PI 
ICE T 
THE 
TARCET 


1386 
1364 
853 
ADO 
A.· H4H 
.: CO"PEHSIITE 
FOR 
COIHC 
8ACr.WARDS 


1388 
AC 
85' 
"OV 
TE HP LA 
ISAVE 
IT 


838' 
FC 
868 
Lr. H II 
: 
"OV 
A .. TE"PI 
.: CE T 
THE 
TARCET 


131A 
A3 
861 
"oVP 
A, fA 
ICET 
THE 
DATA 


8388 
HCC 
862 
CUL 
FIRE 
;5TR08E 
THE 
SOLEHOIOS 


1380 
FC 
863 
"OV 
A,TE"PI 
; CE T 
TE"PI 


138E 
87 
864 
oEt 
A 
; [.EtREA5E 
8Y 
OHE 


838F 
AC 
865 
"OV 
TE"PLA 
;PUT 
IT 
8AU: 


13CI 
18 
866 
IHC 
5 TBCHT 
; IHCREMEHT 
THE 
5 TR08E 
COUHTER 


13CI 
F8 
867 
"OV 
A, STecHT 
; CE T 
THE 
5 T RO8E 
COUHTH 


IJC2 
D385 
868 
XRL 
A .. 185H 
, 
J S 
IT 
FlY 
E 


83C4 
968' 
86' 
~IHZ 
L r. H J 1 
;REPEAT 
IF 
HOT 
FIYE 


83C6 
8UE 
£ilB 
J"P 
SETTlM 
:CD 
BACr. .. 
CHARACTER 
15 
OOHE 
871 
SEJHT 


inter 
AP·91 


lOC 
OIJ 
SE Q 
SOUHE 
S1IoTEHENT 


872 


1411 
873 
ORC 
488N 


874 


1.11 
27 
875 
8C 
IN: 
CL R 
A 
: ZERO 
ACC 


1.11 
'I 
876 
Hon 
PRI· 
A 
: TURN 
OFF 
THE 
SOLEHolDS 


841~ 
H88 
877 
CALL 
SETUf 
, SE T 
II P 
THE 
PRI 
HTER 


8.84 
H3F 
878 
CALL 
VARSET 
: SE T 
UP 
THE 
SOFTWARE 


8416 
84HA 
87' 
,IMP 
P R HT 
:co 
ST~RT 


888 


8418 
23FE 
881 
SETUP: 
Ho'/ 
A.18FEH 
, L 0 AI' 
A( 
C 
WITH 
VALUE 
TO 
TURH 
oH 
HOTOR 


841A 
H 
882 
OUll 
PI, 
A 
:TURN 
OH 
HOTOR 


883 


884 
'NOW 
liElA'( 
3 
Z 
SECON[,S 
WHILE 
CHECKlllC 
RICH 
T 
SEHSoR 


885 


8418 
8C85 
886 
HOV 
TEHPL 
185H 
: LOAD 
[IE lAY 
VALliE 
ONE 


IUD 
8FFF 
887 
SEl 
F C : 
HOY 
.'UNKLI8FFH 
; lDAll 
l'E 
L AY 
YALUE 
TWO 


8.IF 
8EFF 
888 
SElF8: 
HDY 
Ll 
HCHT 
teFF" 
:LOAo 
[IE l A 'f 
VALUE 
THREE 


1411 
8' 
88' 
SELFR: 
IH 
A, 
PI 
, RE AO 
PORT 
OHE 


1412 
37 
8'8 
CPL 
A 
:HAr.E 
THIHGS 
RIG 
HT 


1413 
FZIO 
8'1 
J87 
00 
HER 
: IS 
81 
T 
7 
SET' 


1415 
EE 11 
8'2 
[lJNZ 
LIHCHT· 
SElf 
A 
, SHALL 
LOOP 


.41:' 
EFIF 
8'3 
OJ HZ 
,I U HK 
J 
SELF8 
,:8ICCER 
LoOf 


141' 
EC80 
8H 
OJ HZ 
TEHP 
1 
SELF( 
:8IGGEST 
lOOP 


8418 
845A 
8'5 
.1 "P 
ER RO R 
:SoHETHIHG 
IS 
WRONC 


8H 


8'7 
,: HOW 
HAKE 
SURE 
THE 
RICHT 
SEHSoR 
J S 
CLEARED 


8H 


8410 
8FFF 
8" 
liOHER: 
HOY 
JUHKI 
'OFFH 
:3£1 
UP 
[IE L R'( 


84lF 
8EFF 
988 
SE l F , 
HO'/ 
LI 
HCHT 
oOFf 
H 
: SOME 
HoRE 
(IEl 
AY 


1421 
8' 
'81 
SEl 
F I 
: 
IN 
A 
PI 
'CET 
THE 
f L "G 
IHFORH"TIOH 
8422 
FZ2A 
982 
J87 
OOHEF 
: IS 
FLAG 
(lENRH' 
8424 
EEZI 
'83 
OJHZ 
II 
HtH 
T 
SELfl 
: IF 
HOT 
LOOP 


8426 
EFlF 
'S4 
OJHZ 
,I U HK 1 
SELF 
:LoOP 
SOME 
HORE 


8428 
845A 
985 
,IMP 
ERROR 
'lEI1VE 
IF 
fL"C 
1 S 
HOT 
UHCO'H 
RE [I 


'86 
!t87 
'NOW 
CH E C ,: 
THE 
LEfT 
SEHSOP 
I H 
THE 
SAHE 
HAHHER 
AS 
THE 


'88 
,RIGHT 
SENSOR 
EXCEPT 
(IE L AY 
(IHL'r' " 
5 
SECOH('S 


'8' 
842A 
8C84 
'18 
OOI<EF: 
Hoy 
T E Hf 
I 
104H 
; L (I A[l 
[IE l A '( 
1 
81n 
8FFF 
'11 
SElFCC: 
"0·... 
,I U HI( 1 
• OFF 
H 
' L DAll 
[IE l H'( 
" 


842E 
8EfF 
'12 
SElF88: 
"(IV 
Ll 
H( 
HT 
IBFfH 
L [t~[l 
[IE l.-l 
'r' 
,- 
8431 
8' 
'13 
SEl 
FA " , 
I H 
"" 
PI 
; RE All 
THE 
FORT 


1431 
37 
, 
14 
CfL 
A 
CHAllGE 
T H IllC 
S 
HROUI~[l 


843~ 
023C 
'15 
.IH 
DOHEL 
: OK 
1 F 
81 
T 
,; 
IS 
.. 
ZOO 


8434 
EE 3B 
, 
I 6 
[IJ HZ 
l 
I HCH 
T 
SElFAA 
; S"~ll 
LOOP 


8436 
EF2E 
91" 
oJHZ 
.1 U HK 
1 
SElFBB 
: BI 
GGER 
LoOf 
8438 
ECZC 
, 
I 8 
OJ HZ 
TEHP 
1 
SElF[C 
: B J cr. E S1 
lOOP 


843A 
845A 
'1' 
.I"P 
ERROR 
S(I"ETHIHG 
IS 
WROHG 


843C 
8'81 
'28 
[lONE 
l : 
on 
F' ! .• 81 
H 
TUP.I-! 
tHIT(IP 
(IFF 


843E 
83 
, ZI 
RE T 
: e(1 
~HO: 
!f22 
'23 
,HOW 
Sf T 
UP 
THE 
YAF'I~BlES 
'~4 
843F 
23FE 
'~5 YAPSET, 
Hoy 
A 
IBF 
E H 
l [llol(1 
THE 
T I" 
E R 
8441 
62 
,;!, 
HOY 
T .. 
844~ 
55 
!:f27 
STP.T 
T 
:STH~T 
THE 
T I HE R 
8443: 
8828 
';'9 
HOY 
IH8UF 
• F I P.~ T 
.l (l~(l 
IHPUT 
8UffER 


844~ 
8E88 
'~3 
"0'/ 
lIIH NT 
108H 
SE T 
L1 
HE 
COUNT 
844~ 
8088 
938 
Ho'/ 
STATUS 
IOSH 
S£ T 
FO~WAR(t 
81 
' 
~ 31 
~3Z 
;HOW 
CL E"P 
THE 
RAH 
HPEA 
8 Y 
WRITIHG 
SP ,,[ 
E 
( 0[' 
E S 


'33 


84H 
8'28 
'34 
HOY 
[>UT8UF 
IFIRST 
: lO 
M[I 
OUTBllF 


844B 
2328 
'35 
CLRHEH: 
HD'/ 
A 
';'8H 
:PUT 
SPN(E 
(0 (IE 
I H 
A ( [ 
844(1 
Al 
~36 
HOY 
~OUT8Uf," 
:PllT 
~P~CE 
{.(llIE 
I H 
[.lATH 
"E 
110 P.'( 


844£ 
l' 
'37 
IHC 
oUT8Uf 
: Uf' !IA T E 
THE 
POI 
IllER 
84H 
F, 
~3a 
HDY 
A.OUTBU' 
: Ho ';f 
THE 
F 0 I H T E P 
J ItT H 
ACC 


8458 
0378 
'39 
XRl 
A 
UI~X·l 
:SEE 
If 
(10 
H E 
8452 
%48 
948 
~IHZ 
[LRHEH 
.: L (lOf' 
If 
HOT 
ClE~F.EI> 


941 


942 
,HOW 
ClEAR 
THE 
8:212' 


943 


8454 
HEf 
944 
AHL 
PI,I8EFH 
; SE T 
E H" 
8l 
E 
8 IT 
8156 
aa 
945 
Hon 
A, 
~IH8UF 
, CL EA R 
THE 
8~12' 
IHPUT 
8UFFER 
8457 
8'18 
946 
on 
PI,IlBH 
; RE SE T 
EH"8LE 
81 
T 
'47 


1-200 


inter 
Ap·91 


LOC 
OB ,I 
,EQ 
,OUPIE 
SIA,EHNT 


H8 
;NOW 
EX IT 
VAPSET 


H~ 
B4 5~ 
83 
'50 
RE T 
, LEIiVE 
IHIIIIILIZATION 


'51 
'52 
; T HIS 
ROU T I HE 
TURHS 
THE 
"OTOR 
OFF 
A NO 
L OO~S 


'53 
845A 
8HF 
'54 
E P.P. OR' 
OU 
PI,IBFFN 
'TUAN 
OFF 
"OTOR 
B451 
B451 
'55 
DEAD' 
~I"P 
DEAD 
;LOO~ 
BECAUSE 
SO"ETNING 
IS 
WRONG 


~S6 
957 
;THESE 
oRE 
All 
SUBPOUTINES 
THAT 
AH 
CALLED 
~58 


B45E 
I' 
95~ 
I H ( T S T , 
INC 
OUHUF 
; UPOA 
TE 
THE 
~OINTEP 


B45F 
2378 
96B 
"0'< 
A 
II"1HA+l 
'GET 
THE 
VAlUE 
FOR 
THE 
LAST 
CHAPACTER 
BHI 
09 
961 
XU 
A,OUHUF 
:{lO 
I HE 
IE S T 


8402 
83 
'6:.! 
RET 
'E:OT 
BH3 
B9 
963 
GTPPNT, 
IN 
A 
PI 
'READ 
POPT 
ONE 
BH4 
37 
964 
CPL 
A 
, F L I ~ 
BI 
TO 
BH5 
[12(,3 
965 
J86 
GTPRHI 
: l [IOF' 
UNTIL 
SENSOR 
IS 
UNIO'/EPED 
a .•,? 
1608 
966 
T S T J IF' 
JIF 
P I I 
; SE E 
IF 
TIHR 
FLAG 
IS 
SEI 


BH' 
e"'r 
967 
,IMP 
IS 
", 
TF 
'TE 
SI 
FLAG 


BHB 
.5 
968 
PIT' 
SIO~ 
TeNI 
'STO~ 
THE 
TIHR 


BHC 
Ff 
96~ 
"0'/ 
A 
,I UHK 
1 
'GET 
THE 
CHARAI,IER 


BHO 
34CI 
'79 
CAll 
HNIII 
;PP,INI 
I HE 
CHIIPACTER 
BHF 
34 
1 [ 
~ 71 
CIILL 
l HI"t[l[IE 
; GET 
AHOTHER 
CHARP.CIER 


84? 1 
33 
9~2 
RET 
E >: I T 
B47~ 
F, 
,?J 
l'Ee 
T S T' 
"(IV 
A,OUT8UF 
, GE T 
OUI8UF 


B473 
B7 
!f74 
DEe 
Ii 
, RE I'UC 
E 
81' 
OHE 


8474 
A~ 
'75 
"OY 
OUT8UF 
A 
:PlIT 
8AO: 
I H 
Oll T BUF 
8475 
031F 
9':"b 
XRl 
A,HIRST-l 
SEE 
IF 
IT 
IS 
ALL 
THE 
WA'I 
DOWN 
B477 
33 
9'77 
RE T 
: E~: I T 
n8 


9?' 
; TN IS 
ROll 
TIN 
E 
[IDE 
S 
LI 
HE 
FEEt. 


'8B 


B4 lEI 
FE 
~& 1 
LI 
NEFt" 
"OY 
A ' L I H[ H T 
, GE T 
I HE 
L I HE 
COUNT 


84 7~ 
F23B 
9'E4:2 
,1& :' 
{I OF F 
'JF 
BIT 
; 
IS 
5£ T 
00 
A 
FOPNFEEO 


B47B 
HFD 
983 
l F (10" 
ANL 
PI 
.8Fbli 
T U P.I~ 
OH 
THE 
SOLENOIl' 
847{l 
Be 4[1 
994 
"0'/ 
TEI"tf'l 
• 
'" IIH 
lOw', 
ONE 
(I El H'i 


B4H 
BF)3 
,a5 
Lf 
L PI' 
"0'/ 
,IUIUl 
."3H 
lOArl 
HHOTHEP. 
DELAY 
B481 
Hal 
~86 
Lf 
L p~, 
OJ I'" 
,I U Hr. 1 
l ~ L f' ~ 
L[lLlf' 


B483 
E[ 
7F 
~87 
[IJ t~Z 
IE"P 
1 
lFlPl 
L(I(lf' 
SOME 
NORE 
B4 a~, 
a90~ 
988 
OPL 
~1 
,18<H 
TURN 
OFF 
LF 
SOlEHOID 
B48' 
1 E 
~8~ 
INC 
l! 
tH.HT 
: UP{H·I T E 
THE 
.LIHE 
[OUHTER 
B48B 
FE 
"B 
"0'/ 
A 
L1IH 
HT 
GET 
T NE 
L I HE 
[OUNT 
848~ 
[.32f:.: 
~~ 
1 
XPL 
A 
128H 
' IS 
PAGE 
00 
HE 


B488 
'b 8F 
~':'..! 
,I HZ 
HOlDON 
' S ~ I P 
OVER 


B4 BD 
BEB8 
!f~J 
"0'" 
l 
j IHHI 
'8oH 
ZERO 
Ll 
HE 
COUHTER 
~~4 
!'l~5 
" HOW 
[IE l 
J.l r 
90 
HILlJSECOH[IS 


"t) 
B48F 
BcaB 
!'if?!? 
H(I T [ION: 
"0'/ 
TE"P 
1 
'3BH 
,LOAD 
[IE l AY 
VALUES 
84'1 
BFFF 
993 
LOP 
1 , 
"OV 
,I U H~ 1 
'BFFH 
B4~3 
EF93 
!f~':t 
l [1 P 2: 
(I.lf4Z 
,Ill 
H•. J 
lOf'2 
'GEHERAIE 
l>EL II I' 


8.'5 
E [91 
IBBB 
[IJ U: 
TE"P 
1 
lOP 
1 


B4'? 
B3 
I BB 1 
RET 
Ll 
HE 
FEED 
IS 
00 
HE 
1 B B 2 
IBB3 
T HIS 
ROll 
T I HE 
[1 Of S " 
FOR" 
FEE 
I' 
18 B 4 
B4~B 
B~ 
IBo~ 
[10 F F . 
I H 
A 
PI 
GE T 
T HS 
SI~TUS 
84" 
37 
IBB6 
CPl 
A 
,FL 
IP 
~( 
C 


84'A 
53CB 
IBB? 
oHL 
A 
'BCBh 
LEIiVE 
OHL Y 
TWO 
"SB'S 
B4 ~C 
C69B 
IBB3 
-'Z 
{I 0 F F 
'IF 
A 
FlliC 
ISH' 
T 
[OVERED, 
LOO~ 


B4~E 
89 B I 
IBo~ 
OPL 
P: 
'BIH 
,TURN 
TH E 
"OTOR 
OFF 
BHB 
':I~ 7E> 
1 BIB 
CH 
l 
l F (1 (I 
'GO 
I>0 
(IHE 
LI 
HE 
FEED 
84A2 
FE 
181 ! 
F F r t: : 
"0 ',J 
A 
l 
J Ht 
H T 
' GE T 
THE 
L I HE 
rOUHT 
B4~3 
53 rF 
1812 
wHL 
" 


'7FM 
'SIP] 
P 
BIT 
SE '/E N 
S4AS 
03BB 
I B 13 
XPL 
" 


'8BH 
' IS 
IT 
DONE 


BH, 
C6~D 
IB14 
~I~ 
F F O[lHE 
LEIiVE 
IF 
IT 
IS 


84A' 
'4 l~ 
I B 1 5 
CAll 
l r riD 
: S1 FWBE 
THE 
SOLEHOIOS 


B4AB 
84A< 
I B 1 6 
~I"P 
F F (>' 
,( 
HEt>: 
IHE 
FOP" 
FEED 
O(lT 


BHD 
83 
J B 17 
FFl>DHE 
PE T 
. t ;':I T 
FOR" 
FEE 
[J 
1 B 1 3 
B4 AE 
23EB 
I B 19 
$( T T 11'1: 
H(,'" 
A 
.oE8H 
'GET 
OElA'i 
YHUE 
B4BB 
.2 
lB2S 
"[lY 
I " 


;PllT 
I H 
T I"fR 


B4BI 
55 
1821 
STRI 
T 
STHF'T 
I HE 
T1"EP 


84 B~ 
83 
1822 
PE T 
0: 1 T 
18n 


Loe 
08J 
SEQ 
SOURCE 
ST"TEMEHT 


8483 
42 
1824 
PRHTBK' 
HOY 
",T 
, GET 
THE 
T I HER 


8484 
37 
1825 
ePL 
" 


.' TWOS 
COHHEHEHT 
Aec 


8485 
17 
182' 
IHC 
" 
8486 
17 
1827 
IHe 
" 
8487 
17 
1828 
IHC 
A 


8488 
17 
IB2~ 
IHC 
" 
B48' 
17 
IB3B 
IHC 
" 


; A[I,I US T 
T I MER 


848A 
62 
1B31 
HO" 
T 
••.• 
'PUT 
IT 
8ACK 
I H 
THE 
T IHER 
8488 
8' 
1832 
IHLOOP, 
IH 
A .. PI 
'READ 
POPT 
1 


848C 
HCB 
1833 
J87 
[:OHP8K 
, IF 
HHSOR 
I H 
HOT 
COYERED, 
LE"YE 


848E 
8488 
IB34 
J "P 
I HLOOP 
; OTHERWISE 
LOOP 


84CB 
55 
IB35 
COHPU' 
SUT 
T 
.' ST ORT 
THE 
T I HE R 


8HI 
IH5 
183. 
COHP8' 
JTF 
ROTOPT 
, SEE 
IF 
REoD'! 
TO 
PRIHT 


8H3 
8HI 
1837 
J"P 
COHP8 
;OTHERWISE 
LOOP 


84C5 
23FF 
1838 
R[>TOPT, 
"OY 
A,IBFFH 
;LO"D 
A 


8H7 
.2 
IBH 
"OY 
T .. A 
;PUT 
IT 
IH 
THE 
TI"ER 


8HB 
83 
1848 
RET 
; EX I T 
1841 
1842 
;THIS 
ROUTIHE 
ADJUSTS 
AHD 
SoYES 
THE 
STATUS 
DURIHC 
PRIHTIHC 


1843 


84C' 
FD 
1844 
SToCHK' 
"OY 
A. STATUS 
; GE T 
THE 
STATUS 


84C" 
9202 
IB45 
\184 
LFSET 
.' SE T 
L1HE 
FEED 
BIT 


84C[: 
AA 
IBH 
B4 RET , 
"OY 
S"YPHT.A 
; S"YE 
THE 
STMTUS 


84CD 
53C2 
18"7 
oHL 
A, 
'BC2H 
;RESET 
E'lERYTHI 
HG 
£KCEPT 
IB48 
;DIPECTIOH 
AH[I 
PRIHT 


8HF 
AD 
184' 
"OY 
STATUS,A 
;PUT 
THE 
STATUS 
BACK 


B4I>B 
8413 
IB58 
J"P 
LPRHTI 
.' EX IT 


B4 [>< 
432B 
I B51 
LFSET, 
ORL 
A.I28H 
; SE T 
BIT 
5 


B404 
84CC 
1B52 
,I"P 
BHET 
; ,IUHP 
8"CK 


IB53 
1854 
; T HI S 
ROUT[HE 
RE"OS 
A 
CHARACTER 
AHO 
PUTS 
IT 
I H 
THE 
Ace 
IB55 


B406 
'HF 
IB56 
GTCAR' 
AHL 
Pl.I8EFH 
, SE T 
EHA8LE 
BIT 


BHB 
8B 
1857 
"on 
A. BIHBUF 
'REoD 
THE 
CHA RAC TE R 


B40' 
3'IB 
IB58 
on 
PI. 
II 
BH 
:RESET 
EHABLE 
BIT 


840B 
33 
IB" 
PET 
, EX I T 
GTCHAR 


186B 
1861 
; T HI S 
ROUTIHE 
TURHS 
THE 
HOTOR 
OH 


1162 


840[ 
"FE 
1863 
HDTOH' 
AHL 
PI.I8FEH 
; TURH 
HOTOR 
OH 


840E 
aJ 
1864 
RE T 
; EX I T 


1865 
186. 
; T HI S 
ROUTIHE 
TURHS 
THE 
HOTOR 
OFF 
1867 


84 OF 
8~81 
IB68 
HOT OF , 
on 
PI 
.181 
H 
; TURH 
HOTOR 
OFF 


8HI 
83 
186' 
RE T 
; £KIT 
1878 
1871 
EHO 
; [>OHE 


USER 
SY"BOLS 
"P.H{' 
81 B;" 
f.lP.H[IJf' 
B14fo 
flUEf 
9He 
ElAUIR[, 
sa; 
HIH 
a .• B8 
BKWf([1 
838S 
[lUll 
OF 
OJ 
13: 
B'iEB'.[ 
B I loB 
(HSEe 
8831 
CtoHOI 
88: :" 
{I<SEI 
BBS~' 
(f.I'H 2 
868[' 
("SE 
23 
BlJ24 
tHSE 
3 
8&C2 
tlHIP. 
BJ 
1 f' 
{L 
1;1" E !'I 
94H 
( 0"f'8 
8H1 
( (tHPB" 
84( 
B 
(RF 
J X 
81 Hit 
( P,;:H[1 
B8[1~ 
Cf!FOH(l 
ah~ 
{IEAlt 
BO( 
{lEer 
ST 
l!oIn 
vO!'F 
g4 <lEI 
{'OlF 
BB?l 
(tONE F 
8ol;?/ol 
r~OHEl 
843[. 
(lONER 
1]41 I' 
ERROR 
g45J1 
'"' 


1lS42 
F (lei 
BB44 
FIICR 
BS?£ 
F OCR 1 
BBkB 
n 
Ck 
SUi 
nt'OHE 
114HI' 
~ FF 1)( 
B I 8~ 
F1HE 
BPS 
FIRE 
81 C(. 
F I REx 
II j(IB 
FIP.E'l" 
81 {It, 


F'1R!l'T 
B82B 
F I xttUN 
!II ;'4 
FllCFlH 
BUf 
f I :WP 
B 1 8~ 
FlCCHIolP. 
81 'l 
fXPP."tiT 
B 1 ~ 1 
GETsa 
BI40I 
COOO{' 
812& 
r. T CAR 
84('f, 
(, TPI(HT 
8463 
J HBUF 
8888 
I He T S1 
B4~E 
I tilOOP 
8488 
I SCHU" 
8181) 
,IUtHl 
8807 
1"1t'UH 
81E9 
l [lBUr 
BUB 
l F CRek 
814Jl 
If[IO 
847& 
lFFI>; 
81 HE< 
l HP 
~ 
847F 
lFLP2 
8481 
lfSET 
001(10: 
l F TE S T 
Bl;'F 
l J HtHf 
UBi> 
LJ HEFI' 
Sol ;'& 
U:HJ 
83,01(. 
l ~ Ii I 1 
83 8~ 
U:lO 
So:Ab 
It.:l(ll 
Bc:B7 
lHr10(1£ 
81 IC 
lOOPw 
S8;'tl 
lOPI 
0" ~ 1 
l OP~ 
84 ~3 
l PRMT 
8811 
l PRHT 
1 
B813 
,ox 
BSH 
ttOTClF 
B4(lf 
l't0 ToH 
001(1(. 
HOFf 
B 18F 
HOLF 
BJ 1 JI 
WOHOW 
B4 SF 
.11 
al04 
(luU-UF 
seOI 
(Iva 
1J88J1 
ova 1 
ae8~ 
f'JlCE 
I 
112MB 
f'f.lCE2 
83kB 
'" 
04\,E< 
f'RIH 
88B~ 
f'RHT 8.: 
Bote3 
f'PtiT1T 
81C'1 
P'(tTOPf 
114('5 
SAVF'HT 
UBo: 
SUf 
Sol 
1 F 
SElfl 
8421 
S ELF A 
B411 
SElfAf.I 
BOB 
SElfS 
Bltaf 
SE LF 8£1 
Bol2E 
BElF(. 
autl 
SHFC( 
loin 
HTTUI 
B4~E 
Sf 
TUP 
849e< 
SHOrtT 
SICA 
S T ACHk 
B40 
S TAlUS 
BB85 
ST8nn 
BBS3 
S T 6] 
T I 
BJ 58 
50TPr(HT 
BIS!l 
SUSl 
BIB 
T ~ e l E 1 
I~ Bl) 
TEPlPt 
B884 
TS,ITF 
81 [It 
T S TJ TF 
84b;' 
II"'RSE 
T 
IOF 
"'~H 
H 
BB7~, 
W~TtH[I 
Be,H 


~SSE"H 
'I 
C{lMPl 
ETE 
•• 
EHOP.S 


MCS®,,51Application 
Notes & 
2 
Article Reprints 


inter 
APPLICATION 
NOTE 


P1.0 


P101 


P1.2 


P1.3 


P1.4 


P1.5 


P1.6 


P1.1 


VPD/RST 


P3.0/AXD 


P3.1/TXD 


P3.21INTO 


P3.3.INn 


P3.4/TO 
P3.5/n 


P3.81WA 


P3.7/AD 


xrAL2 


xTAL1 


YSS 


YCC 


PO .• 


PO.1 


PO.' 


PO.3 


PO.' 


PO.5 


PO.6 


PO.1 


VDD/EA 
PiiO'G/ALE 


PSEN 
P2.' 


P2,' 


P2.5 


P2.4 


P2.3 


P2.2 


P2.1 


P2.0 


In 1976 Intel introduced 
the MCS-48'· 
family. consisting 


of the 8048. 8748. aod 8035 microcomputers. 
These parts 


marked the first time a complete 
microcomputer 
system. 


including 
an eight-bit 
CPU. 
1024 8-bit words of ROM 


or EPROM 
program 
memory. 64 words of data memory. 
I 0 ports and an eight-bit 
timer couoter 
could be inte- 


grated onto a single silicon chip. Depending 
only on the 


program 
memory 
contents. 
one chip 
could 
control 
a 


limitless variety of products. 
ranging from appliances 
or 


automobile 
engines to text or data processing equipment. 


Follow-on 
products 
stretched 
the MCS-48'· 
architecture 


in several 
directions: 
the 
8049 ana 
8039 doubled 
the 


amount 
of on-chip memory and ran 83'ir faster; the 8021 


reduced costs by executing 
a subset of the 8048 instruc- 


tions with a somewhat 
slower clock; and the 8022 put a 


unique 
two-channel 
8-bit analog-to-digital 
converter 
on 


the same NMOS 
chip as the computer. 
letting the chip 


interface directly with analog transducers. 


Now three new high-performance 
single-chip 
microcom- 


puters 
the 
Intel@>8051. 8751. and 
8031-extend 
the 


advantages 
of Integrated 
Electronics 
to whole new prod- 


uct areas. Thanks to Inters new HMOS technology. 
the 


MCS-51'· 
family 
provides 
four 
tittles 
the 
program 


memory 
and twice the data 
memory 
as the 8048 on a 


single chip. 
New I 0 and 
peripheral 
capabilities 
both 


increase the range of applicability 
and reduce total system 


cost. 
Depending 
on 
the 
use. 
processing 
throughput 


increases by two and one-half to ten times. 


This Application 
Note is intended to introduce 
the reader 


to the MCS-51'· 
architecture 
and features. 
While it does 


not assume intimacy with the MCS-48'· 
product 
line on 


the part 
of the reader. 
he she should 
be familiar 
with 


some 
microprocessor 
(preferably 
Intel's. 
of course) 
or 


have a background 
in computer 
programming 
and digital 


logic. 


Family Overview 


Pinout diagrams 
for the 8051. 8751. and 8031 are shown 


in Figure 
I. The devices include the following 
features; 


• Single-supply 
5 volt operation 
using HMOS 
tech- 


nology. 
• 4096 bytes program 
memory on-chip (not on 8031). 


• 
128 bytes data memory on-chip. 


• 
Four register banks. 


• 
128 User-defined software flags. 


• 64 
Kilobytes 
each 
program 
and 
external 
RA M 


addressability. 


• One 
microsecond 
instruction 
cycle with 
12 MHz 


crystal. 


• 32 bidirectional 
I 0 lines organized 
as four 8-bit 


ports (16 lines on 8031). 


• 
Multiple 
mode. 
high-speed 
programmable 
Serial 


Port. 


• Two multiple mode. 16-bit Timer/Counters. 
• Two-level prioritized 
interrupt 
structure. 


• 
Full depth stack for subroutine 
return 
linkage and 


data storage. 


• Augmented 
MCS-48'· 
instruction 
set. 


• 
Direct Byte and Bit addressability. 


• 
Binary or Decimal arithmetic. 


• Signed-overflow 
detection and parity computation. 


• 
Hardware 
Multiple and Divide in 4l1sec. 


• 
Integrated 
Boolean 
Processor 
for control 
applica- 


tions. 


• 
Upwardly compatible 
with existing 8048 software. 
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All three devices come 
in a standard 
40-pin 
Dual 
In- 


Line Package. 
with the same pin-out. 
the same timing. 


and 
the 
same 
electrical 
characteristics. 
The 
primary 


difference 
between 
the 
three 
is the 
on-chip 
program 
memory 
different 
types are offered 
to satisfy differing 


user requirements. 


The 
8751 
provides 
4K 
bytes 
of 
ultraviolet-Erasable. 


Programmable 
Read 
Only 
Memory 
(EPROM) 
for 


program 
development. 
prototyping. 
and 
limited 
pro- 


duction 
runs. 
(By 
convention. 
IK means 
2'11 = 1024. 


Ik-with 
a lower case "k"-equals 
10·'= 1000.) This part 


may be individually 
programmed 
for a specific applica- 


tion using Inters 
Universal PROM 
Programmer 
(UPP). 


If software 
bugs are 
detected 
or design 
specifications 


change 
the same part 
may be "erased" 
in a mailer 
of 


minutes 
by exposure 
to 
ultraviolet 
light 
and 
repro- 


grammed 
with the modified 
code. 
This cycle may be 
repeated 
indefinitely 
during the design and development 


phase. 


The final version of the software 
must be programmed 


into a large number 
of production 
parts. The 8051 has 


4K bytes of ROM which are mask-programmed 
with the 


customer's 
order when the chip is buill. This part is con- 


siderably 
less expensive. 
but cannot 
be erased or altered 


after fabrication. 


The 8031 does not have any program 
memory 
on-chip. 


but may be used with up to 64K bytes of external standard 
or multiplexed 
ROMs. 
PROMs. 
or EPROMs. 
The 8031 


fits well in applications 
requiring 
significantly 
larger or 


smaller amounts 
of memory than the 4K bytes provided 


by its two siblings. 


(The 8051 and 8751 automatically 
access external 
pro- 


gram memory for all addresses greater than the 4096 bytes 
on-chip. 
The External 
Access input 
is an override 
for 


all internal 
program 
memory-the 
8051 and 8751 will 


each emulate an 8031 when pin 31 is low.) 


Throughout 
this Note. "8051" is used as a generic term. 
Unless 
specifically 
stated 
otherwise. 
the 
point 
applies 


equally to all three components. 
Table 1 summarizes 
the 
quantitative 
differences 
between 
the 
members 
of the 


MCS-48'· 
and MCS-51'· 
families. 


The remainder of this Note discusses the various MCS-51'· 
features and how they can be used. Software and lor hard- 


ware application 
examples illustrate many of the concepts. 


Several isolated tasks (rather 
than one complete 
system 


design example) 
are presented 
in the hope that some of 


them will apply to the reader's experiences or needs. 


A document 
this short cannot 
detail all of a computer 


system's capabilities. 
By no means will all the 8051 instruc- 


tions 
be demonstrated; 
the intent 
is to stress 
new or 


unique 
MCS-51'· 
operations 
and instructions 
generally 


used in conjunction 
with each other. For additional 
hard- 


ware 
information 
refer to the 
Intel 
MCS-St'· 
Family 


User's Manual. 
publication 
number 
121517. The assembly 


language 
and use of ASM51. 
the MCS-51'· 
assembler. 


are further described 
in the MCS-St'· 
Macro Assembler 


User's Guide, publication 
number 9800937. 


The 
next 
section 
reviews some 
of the 
basic concepts 


of 
microcomputer 
design 
and 
use. 
Readers 
familiar 


with the 8048 may wish to skim through 
this section 


or skip directly 
to the next. "ARCHITECTURE 
AND 


ORGANIZATION." 


Microcomputer Background Concepts 


Most digital computers 
use the binary (base 2) number 


system internally. 
All variables. 
constants. 
alphanumeric 


characters. 
program 
statements. 
etc .. are represented 
by 


groups 
of binary 
digits ("bits"), 
each of which has the 


value 0 or I. Computers 
are classified by how many bits 


they can move or process at a time. 


The 
MCS-51'· 
microcomputers 
contain 
an 
eight-bit 


central 
processing 
unit (CPU). 
Most operations 
process 


variables 
eight bits wide. All internal 
RAM and ROM. 


and virtually all other registers are also eight bits wide. 
An eight-bit 
("byte") 
variable 
(shown 
in Figure 2) may 


assume 
one of 2' = 256 distinct 
values. 
which usually 


represent 
integers 
between 
0 and 
255. Other 
types 
of 


numbers. 
instructions. 
and so forth are represented 
by 


one or more bytes using certain conventions. 


For example. 
to represent 
positive and negative values, 


the most significant bit (D7) indicates the sign of the other 
seven bits-O 
if positive. 
I if ncgative-allowing 
integer 


variables 
between 
-128 
and 
+127. For 
integers 
with 


extremely 
large magnitudes. 
several 
bytes are manipu- 


lated together 
as "multiple 
precision" signed or unsigned 


integers-16, 
24, or more bits wide. 


EPROM 
ROM 
External 
Program 
Data 
Instr. 
Inpull 
Program 
Program 
Program 
Memory 
Memory 
Cycle 
Output 
Interrupt 
Reg. 


Memory 
Memory 
Memory 
(InIlMax) 
(Bytes) 
Time 
Pins 
Sources 
Banks 


8021 
IK IK 
64 
8.4JlSec 
21 
0 
I 
8022 
2K 2K 
64 
8.4JISee 
28 
2 
I 
8748 
8048 
8035 
IK 4K 
64 
2.5"See 
27 
2 
2 
8049 
8039 
2K 4K 
128 
1.36j,Sec 
27 
2 
2 


8751 
8051 
8031 
4K 64K 
128 
I.0J,See 
32 
5 
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The 
letters 
"MCS" 
have 
traditionally 
indicated 


a system 
or family 
of compatible 
Intel® 
micro- 


computer 
components, 
including 
CPUs, 
mem- 


ories, 
clock 
generators, 
I/O expanders, 
and 
so 


forth. 
The 
numerical 
suffix 
indicates 
the micro- 


processor 
or 
microcomputer 
which 
serves 
as 


the 
cornerstone 
of the 
family. 
Microcomputers 


in 
the 
MCS-48'· 
family 
currently 
include 
the 


8048-series 
(8035, 8048, & 8748). the 8049-series 


(8039 
& 8049), 
and 
the 
8021 
and 
8022; 
the 


family 
also 
includes 
the 
8243, an I/O expander 


compatible 
with 
each 
of 
the 
microcomputers. 
Each 
computer's 
CPU 
is derived 
from 
the 8048, 
with 
essentially 
the same 
architecture, 
address- 


ing 
modes, 
and 
instruction 
set, 
and 
a single 


assembler 
(ASM48) 
serves 
each. 


The 
first 
members 
of the 
MCS-51'· 
family 
are 


the 
8051, 
8751, 
and 
8031. 
The 
architecture 
of 


the 
8051-series, 
while 
derived 
from 
the 
8048, 


is 
not 
strictly 
compatible; 
there 
are 
more 


addressing 
modes, 
more 
instructions, 
larger 


address 
spaces, 
and 
a few other 
hardware 
dif- 


ferences. 
In 
this 
Application 
Note 
the 
letters 


"MCS-51" 
are 
used 
when 
referring 
to archi- 


tectural 
features 
of 
the 
8051-series-features 


which 
would 
be 
included 
on 
possible 
future 


microcomputers 
based 
on the 8051 CPU. 
Such 


products 
could 
have 
different 
amounts 
of 


memory 
(as 
in 
the 
8048/8049) 
or 
different 


peripheral 
functions 
(as in the 
8021 and 
8022) 
while 
leaving 
the 
CPU 
and 
instruction 
set 


intact. 
ASM51 
is 
the 
assembler 
used 
by 
all 


microcomputers 
in the 8051 family. 


Two digit 
decimal 
numbers 
may be "packed" 
in an eight- 


bit value. using four bits for the binary code of each digit. 
This 
is called 
Binary-Coded 
Decimal 
(BCD) 
representa- 


tion. 
and 
is often 
used internally 
in 
programs 
which 


interact 
heavily with human 
beings. 


Alphanumeric 
char~cters 
(letters. 
numbers. 
punctuation 


marks. 
etc.) 
are often 
represented 
using the 
American 


Sta'ndard 
Code 
for 
Information 
Interchange 
(ASCII) 


convention. 
Each character 
is associated 
with 
a unique 


seven-bit 
binary 
number. 
Thus 
one byte may reprcsent 


Representation 
of Bits 
Within 
an Eight-Bit 


"Byte" 
(Value 
shown 
= 01010001 
Binary 
= 
81 decimal). 


a singlc character. 
and a word 
or sequence of letters may 


be represented 
by a series (or "string") 
of bytes. Since the 


ASCII 
code only uses 128 characters. 
the most significant 


bit of the byte is not needed to distinguish 
between char- 
acters. 
Often 07 is set to 0 for all characters. 
In somc 


coding 
schemes. D7 is used to indicate 
the "parity" 
of the 
other 
seven bits 
set or cleared 
as necessary to ensure 


that the total 
number 
of "I" 
bits in the eight-bit 
code is 


even ("even 
parity") 
or 
odd 
("odd 
parity"). 
The 
lIOSI 


includes hardware 
to compute 
parity 
when it is needed. 


A computer 
program 
consists of an ordered 
sequence of 


specific. 
simple steps to be executed 
by the CPU 
one-at- 


a-time. 
The method or sequence of steps used collectively 


to solve the user's application 
is called an "algorithm." 


The program 
is stored inside the computer 
as a sequence 


of binary 
numbers. 
where each number 
corresponds 
to 


one of the basic operations 
("opcodes") 
which 
thc CPlJ 


is capable 
of 
executing. 
In 
the 
lIOSI. 
cach 
program 


memory 
location 
is one 
byte. 
A 
complcte 
instruction 
consists 
of a sequence of one or more 
bytcs. whcrc 
the 


first 
defines the operation 
to be executed and additional 


bytes (if 
needed) 
hold 
additional 
information. 
such as 


data values or variable 
addresses. No instruction 
is longer 
than three bytes. 


The way in which 
binary 
opcodes and modifier 
bytes are 


assigned to the CPU's 
operations 
is called thc computer's 


"machinc 
language:' 
Writing 
a 
program 
dircctly 
in 


machine language is time-consuming 
and tedious. 
Human 


beings think 
in words 
and concepts 
rather 
than cncodcd 
numbers. 
so each CPU 
opcration 
and rcsourcc is given a 


name and standard abbrcviation 
("mncmonic"). 
Programs 


are more easily discusscd using thcse standard mnemonics. 
or "assembly 
language." 
and may be typed into an Intel" 


Intellcc® 
800 or Scrics 
II" 
microcomputer 
devclopment 
systcm in this form. Thc de\elopm~nt 
systcm can mcchan- 
ically 
translate 
the 
program 
from 
asscmbly 
language 


"sourcc" 
form 
to machinc 
languagc "objcct" 
codc using a 


program 
called an "asscmblcr." 
Thc MCS-SI'· 
assembler 


is called ASMSI. 


Thcre 
arc several important 
differences 
bct"cen 
a com- 


putcrs 
machine language and the assembly languagc uscd 


as a tool to rcpresent it. The machinc 
languagc or instruc- 


tion 
sct is the 
set of 
operations 
which 
thc 
CPlJ 
can 


perform 
while a program 
is exccuting 
("at run-timc"). 
and 


is strictly 
determincd 
by the 
microcomputcr 
hard"are 


design. 


Thc asscmbly 
languagc 
is a standard 
(though 
more-or- 


less arbitrary) 
sct of symhols 
including 
the instruction 
set 


mncmonics. 
but 
with 
additional 
features 
\\hich 
lurther 


simplify 
thc 
program 
dcsign 
process. 
For 
example. 


ASMSI 
has controls 
for creating 
and formalting 
a pro- 


gram 
listing. 
and 
a numher 
of dirccti\c 
•.. tnr 
alh'catmg. 


variable 
storage aod inserting 
arbitrary 
hvtes of data into 


the object 
code 
for creating 
t:';hlc~ 01 com.tanh. 


inter 


In addition, 
ASM51 
can perform 
sophisticated 
mathe- 
matical 
operations. 
computing 
addresses 
or evaluating 


arithmetic 
expressions 
to relieve the programmer 
from 
this drudgery. 
However. these calculations 
can only use 
information 
known at "assembly time." 


For example, 
the 8051 performs 
arithmetic 
calculations 


at run-time. 
eight bits at a time. ASM51 can do similar 


operations 
16 bits at a time, The 8051 can only do one 


simple step per instruction. 
while ASM51 
can perform 


complex 
calculations 
in each line of source code. How- 
ever. the operations 
performed 
by the assembler may only 
use parameter 
values fixed at assembly-time. 
not variables 


whose 
values 
are 
unknown 
until 
program 
execution 
begins. 


For example, 
when the assembly 
language 
source 
line, 


is a.uemhled, 
AS M51 will find 
the 
value 
of the 
pre- 


viously-defined 
constant 
"LOOP_COUNT" 
in an internal 


symbol table, increment 
the value, multiply the sum by 


three, and (assuming it is between -256 and 255 inclusive) 
truncate 
the product 
to eight bits. When this instruction 


is executed, 
the 8051 ALU will just add that resulting 


constant 
to the accumulator. 


Some 
similar 
differences 
exist 
to distinguish 
number 


system ("radix") 
specifications. 
The 8051 does all com- 
putations 
in binary (though 
there are provisions 
for then 


converting 
the result to decimal form). 
In the course of 
writing a program. 
though, 
it may be mofe convenient 
to specify constants 
using some other radix. such as base 
I<T.On other occasions, it is desirable to specify the ASCII 
code for some character 
or string of characters 
without 
refering to tables. ASM51 allows several representations 
for constants. 
which 
are converted 
to binary 
as each 
instruction 
is assembled. 


assembly 
language 
by 
a 
series 
of 
ones 
and 
7eros 


(naturally). 
followed by the letter "B" (for Binary); octal 


numbers 
as a series of octal digits (0-7) followed by the 


letter "0" (for Octal) or "Q" (which doesn't stand for any- 
thing, 
but looks sort of like an "0" and 
is less likely 


to be confused with a zero). 


Hexadecimal 
numbers are represented 
by a series of hexa- 


decimal digits (0-9,A-F), followed by (you guessed it) the 
letter "H." A "hex" 
number 
must begin with a decimal 


digit; otherwise it would look like a user-defined 
symbol 


(to be discussed later). A "dummy" 
leading zero may be 


inserted before the first digit to meet this constraint. 
The 


character 
string 
"BACH" 
could 
be a legal label for a 


Baroque music synthesis routine; the string "OBACH" is 
the hexadecimal 
constant 
BAC, •. This is a case where 


adding 0 makes a big difference. 


Decimal numbers are represented by a sequence of decimal 
digits, optionally 
followed by a "D." If a number 
has no 


suffix, it is assumed 
to be decimal-so 
it had better not 


contain 
any non-decimal 
digits. "OBAC" is not a legal 


representation 
for anything. 


When an ASCII code is needed in a program, 
enclose the 


desired character 
between two apostrophes 
(as in 'II') and 


the assembler 
will convert 
it to the appropriate 
code (in 


this case 23H). 
A string 
of characters 
between 
apos- 


trophes 
is translated 
into a series of constants; 
'BACH' 


becomes 42H, 41 H. 43H, 48H. 


These same conventions 
are used throughout 
the asso- 


ciated Intel documentation. 
Table 2 illustrates some of the 


different number formats. 


2, ARCHITECTURE 
AND ORGANIZATION 
Figure 3 blocks out the MCS-51'· 
internal organintion. 


Each 
microcomputer 
combines 
a 
Central 
Processing 


Unit. two kinds of memory 
(data 
RAM 
plus program 


ROM or EPROM), 
Input 
Output 
ports. and the mode, 


Hexa- 
Signed 
Bit Pattern 
Binary 
Octal 
Decimal 
Decimal 
Decimal 


00000000 
OB 
OQ 
OOH 
0 
0 
00000001 
IB 
IQ 
OIH 
I 
+1 
. . . . . . .... . ... . 
" 
". 
", 
" 
.... 


000001 
1 I 
IIIB 
7Q 
om 
7 
+7 
00001000 
lOOOB 
10Q 
08H 
8 
+8 
00001001 
100lB 
IIQ 
09H 
9 
+9 
00001010 
1010B 
12Q 
OAH 
10 
+10 
..... ..... ..... 
" 
,., 
", 
. , 
.... 


0000 
1 1 1 1 
IIIIB 
17Q 
OFH 
15 
+15 
00010000 
10000B 
20Q 
10H 
16 
+16 


............... 
" 
.,. 
", 
,. 
. ... 
o 1 1 1'1 1 I 1 
1I11111B 
177Q 
7FH 
127 
+127 
10000000 
10000000B 
200Q 
80H 
128 
-128 
10000001 
10000001B 
20lQ 
81H 
129 
-127 
............... 
........ 
", 
", 
", 
.... 


1 1 1 I 1 1 I 0 
III III lOB 
376Q 
OFEH 
254 
-2 
1 I 1 1 1 1 I 1 
1111II liB 
377Q 
OFFH 
255 
-I 
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status. 
and data 
registers and random 
logic needed for 


a variety of peripheral 
functions. 
These elements 
com- 


municate 
through 
an 
eight-bit 
data 
bus 
which 
runs 


throughout 
the chip. somewhat 
akin to indoor plumbing. 


This bus is buffered to the outside world through an I 0 
port when memory or I/O expansion 
is desired. 


Let's summarize 
what each block does; later chapters dig 


into the CPU's instruction 
set and the peripheral 
registers 


in much greater detail. 


Central Processing Unit 
The CPU is the "brains" 
of the microcomputer, 
reading 


the user's program 
and executing 
the instructions 
stored 


therein. Its primary elements are an eight-bit Arithmetic/ 
Logic Unit with associated 
registers A. B, PSW. and SP. 


and the sixteen-bit 
Program 
Counter and "Data 
Pointer" 


registers. 


Arithmetic Logic Unit 


The ALU can perform 
(as the name implies) arithmetic 


and 
logic functions 
on eight-bit 
variables. 
The former 


include 
basic addition. 
subtraction. 
multiplication. 
and 


division; 
the latter include the logical operations 
AND. 
OR. and Exclusive-OR. 
as well as rotate. clear. comple- 


ment. 
and so forth. 
The ALU also makes 
conditional 


branching 
decisions. 
and provides 
data 
paths and tem- 


porary registers used for data transfers within the system. 
Other instructions 
are built up from these primitive func- 


tions: the addition 
capability 
can increment 
registers or 


automatically 
compute 
program. 
destination 
addresses: 


subtraction 
is also used in decrementing 
or comparing 
the 


magnitude 
of two variables. 


These 
primitive 
operations 
are automatically 
cascaded 


and 
combined 
with dedicated 
logic to build 
complex 


instructions 
such as incrementing 
a sixteen-bit 
register 


pair. To execute one form of the compare 
instruction. 
for 


example. 
the 8051 increments 
the program 
counter three 


times. reads three bytes of program 
memory. computes a 


register 
address 
with logical operations. 
reads 
internal 


data memory twice. makes an arithmetic 
comparison 
of 


two variables. compute. 
a sixteen-bit destination 
address. 


and decides whether or not to make a branch-all 
in two 


microseconds! 


An important 
and unique feature of the MCS-51 archi- 


tecture 
is that the ALU can also manipulate 
one-bit as 


well as eight-bit 
data types. Individual 
bits may be set. 


cleared. 
or complemented. 
moved. 
tested. 
and 
used in 


logic computations. 
While support 
for a more primitive 


data type may initially seem a step backwards 
in an era 


of increasing 
word length. 
it makes the 8051 especially 


well suited 
for controller-type 
applications. 
Such algo- 


rithms 
inherentlr 
involve 
Boolean 
(true 
false) 
input 


and output 
variables. 
which were heretofore 
difficult to 


implement 
with standard 
microprocessors. 
These features 


are collectively 
referred 
to as the 
MCS-51'" 
"Boolean 


Processor." 
and are described 
in the so-named 
chapter 


to come. 


Thanks 
to this powerful 
ALU. the 8051 instruction 
set 


fares well at both 
real-time 
control 
and data 
intensive 


algorithms. 
A total of 51 separate 
operations 
move and 


manipulate 
three data types: Boolean (I-bit). 
byte (8-bit). 


and address (16-bit). All told. there are eleven addressing 
modes-seven 
for data. four for program 
sequence con- 


trol (though 
only eight are used by more than just a few 


specialized 
instructions). 
Most operations 
allow several 


addressing 
modes. bringing the total number 
of instruc- 


tions (operation/addressing 
mode combinations) 
to III. 


encompassing 
255 of the 256 possible eight-bit 
instruc- 


tion opcodes. 


Instruction 
Set Overview 


Table 
4 lists these 
III 
instructions 
classified 
into five 


groups: 


• Arithmetic 
Operations 


• 
Logical Operations 
for Byte Variables 


• 
Data Transfer Instructions 


• 
Boolean Variable Manipulation 


• 
Program 
Branching and Machine Control 


MCS-48'" 
programmers 
perusing Table 4 will notice the 


absence 
of special categories 
for Input/Output. 
Timerl 


Counter. 
or Control 
instructions. 
These functions 
are all 


still provided (and indeed many new functions are added). 
but as special cases of more generalized 
operations 
in 


other categories. 
To explicitly 
list all the useful instruc- 


tions involving I/O and peripheral 
registers would require 


a table approximately 
four times as long. 


Observant 
readers 
will also notice that all of the 8048's 


page-oriented 
instructions 
(conditional 
jumps. 
JM PP. 


MOVP. MOVP3) have been replaced with corresponding 
but non-paged 
instructions. 
The 8051 instruction 
set is 


entirely 
non-page-oriented. 
The 
MCS-48'" 
"MOVP" 


instruction 
replacement 
and all conditional 
jump instruc- 


tions operate 
relative to the program 
counter. 
with the 


actual jump address computed 
by the CPU during instruc- 


tion execution. The "MOVP3" 
and "JMPP" 
replacements 


are 
now 
made 
relative 
to another 
sixteen-bit 
register. 


which allows the effective destination 
to be anywhere 
in 


the 
program 
memory 
space. 
regardless 
of where 
the 


instruction 
itself is located. 
There 
are even three-byte 


jump and call instructions 
allowing the destination 
to be 


anywhere in the 64K program address space. 


The instruction 
set is designed to make programs efficient 


both 
in terms 
of code 
size and 
execution 
speed. 
No 


instruction 
requires 
more than 
three 
bytes of program 


memory. 
with the 
majority 
requiring 
only one or two 


bytes. Virtually all instructions 
execute 
in either one or 


two instruction 
cycles-one 
or two microseconds 
with 


a 
12-M Hz crystal-with 
the sole exceptions 
(multiply 


and divide) completing 
in four cycles. 


Many instructions 
such as arithmetic 
and logical func- 


tions or program control. 
provide both a short and a long 


form for the same operation. 
allowing 
the programmer 


to optimize the code produced 
for a specific application. 


The 8051 usually fetches two instruction 
bytes per instruc- 


tion cycle. so using a shorter 
form can 
lead to faster 


execution 
as well. 


For example. 
any byte of RAM 
may be loaded 
with a 


constant 
with a three-byte. 
two-cycle instruction. 
but the 


commonly 
used "working 
regi~ters" 
in RAM 
may be 


initialized 
in one cycle with a two-byte 
form. 
Any bit 


anywhere 
on the chip may be set. cleared. 
or comple- 


mented 
by a single three-byte 
logical instruction 
using 


two cycles. But critical control 
bits. I 0 pins. and soft- 


ware flags may be controlled 
by two-byte. 
single cycle 


'nstructions. 
While three-byte 
jumps 
and calls can "go 


anywhere" 
in program 
memory. nearby sections of code 


may be reached by shorter 
relative or absolute 
versions. 
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Symbol 
CY 


Position 
Name and Significance 
PSW.7 
Carry flag. 
Set/cleared by hardware or software 
during certain arithmetic and logical 
instructions. 


Auxiliary Carry flag. 
Set/cleared by hardware during addition 
or subtraction 
instructions 
to indicate 
carry or borrow out of bit J. 


Flag 0 
Set/cleared/tested 
by software as a 
user-defined status flag. 


Register bank Select control bits I & O. 
Set/cleared by software to determine 
working register bank (see Note). 


Symbol 
Position 
OV 
PSW.2 
Name and Significance 
Overflow flag. 
Set ,cleared by hardware during arith- 
metic instructions to indicate overflow 
conditions. 


Parity flag. 
Set/cleared by hardware each instruc- 
tion cycle to indicate an odd/even 
number of "one" bits in the accumu- 
lator. i.e.. even parity. 


the contents 
of (RSI. 
RSO) enable the 


working 
register 
banks 
as follows: 


(0.0)- 
Bank 0 
(0.1) 
-Bank 
I 
(I.O)-Bank 
2 
(1.1) -Bank 
3 


(OOH-07H) 
(08H-OFH) 
(IOH-I7H) 


(18H-IFH) 


A significant 
side 
benefit 
of an 
instruction 
set 
more 


powerful 
than 
those 
of previous 
single-chip 
microcom- 


puters is that it is easier to generate 
applications-oriented 


software. 
Generalized 
addressing 
modes for byte and bit 


instructions 
reduce 
the 
number 
of source 
code 
lines 


written 
and debugged 
for a given application. 
This leads 


in turn 
to proportionately 
lower software 
costs. greater 


reliability. and faster design cycles. 


Accumu/ator 
and PSW 


The 
80S 1, like 
its 
8048 .predecessor, 
is primarily 
an 


accumulator-based 
architecture: 
an 
eight-bit 
register 


called the accumulator 
("A") holds a source operand 
and 


receives the result of the arithmetic 
instructions 
(addition. 


subtraction, 
multiplication, 
and division). 
The accumula- 


tor can be the source or destination 
for logical operations 


and 
a number 
of special 
data 
movement 
instructions, 


including 
table 
look-ups 
and external 
RAM 
expansion. 
Several 
functions 
apply 
exclusively 
to the accumulator: 
rotates, 
parity 
computation, 
testing 
for zero. and so on. 


Many 
instructions 
implicitly 
or explicitly 
affect (or are 


affected 
by) 
several 
status 
flags, 
which 
are 
grouped 


together 
to form 
the 
Program 
Status 
Word 
shown 
in 
Figure 4. 


(The period 
within 
entries 
under 
the Position 
column 
is 


called 
the "dot 
operator," 
and indicates 
a particular 
bit 


position 
within an eight-bit 
byte. "PSW.S" 
specifies bit S 


of the PSw. 
Both the documentation 
and 
ASMSI 
use 


this notation.) 


The most "active" status bit is called the carry flag (abbre- 
viated 
"C"). 
This bit makes 
possible 
multiple 
precision 


arithmetic 
operations 
including 
addition, 
subtraction. 


and rotates. 
The carry also serves as a "Boolean 
accumu- 


lator" for one-bit 
logical operations 
and bit manipulation. 


instructions. 
The overflow 
flag (OY) detects 
when arith- 


metic overflow occurs On signed integer operands. 
making 


two's 
complement 
arithmetic 
possible. 
The 
parity 
flag 


(P) is updated 
after every instruction 
cycle with the even- 


parity of the accumulator 
contents. 


The CPU 
does 
not control 
the two register-bank 
select 
bits. 
RSI 
and 
RSO. Rather. 
they 
are 
manipulated 
by 


software 
to enable 
one of the four 
register 
banks. 
The 


usage of the PSW flags is demonstrated 
in the Instruc- 


tion Set chapter 
of.this Note. 


Even though 
the architecture 
is accumulator-based. 
pro- 


visions 
have 
been 
made 
to bypass 
the accumulator 
in 


common 
instruction 
situations. 
Data may be moved from 


any location 
on-chip 
to any register. address. 
or indirect 
address 
(and vice versa). any register may be loaded with 


a constant. 
etc .. all without 
affecting 
the accumulator. 


Logical operations 
may be performed 
against 
registers or 


variables 
to alter fields of bits-without 
using or affecting 


the accumulator. 
Yariables 
may be incremented. 
decre- 
mented. 
or tested 
without 
using the accumulator. 
Flags 


and control 
bits may be manipulated 
and te.sted without 


affecting 
anything 
else. 


Other CPU Registers 


A special eight-bit 
register ("B") serves in the execution 
of 


the multiply 
and divide instructions. 
This register is used 


in conjunction 
with the accumulator 
as the second input 


operand 
and to return eight-bits 
of the result. 


The MCS-SJ 
family processors 
include a hardware 
stack 


within 
internal 
RA M. 
useful 
for 
subroutine 
linkage. 
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passing parameters 
between routines. temporary 
variable 


storage. or saving status during interrupt 
service routines. 
The Stack 
Pointer 
(SP) is an eight-bit 
pointer 
register 


which indicates the address of the last byte pushed onto 
the stack. The stack pointer is automatically 
incremented 


or decremented 
on all push or pop instructions 
and all 


subroutine 
calls and returns. 
In theory. the stack in the 


8051 may be up to a full 128 bytes deep. (In practice. even 
simple programs 
would use a handful of RAM locations 


for pointers. 
variables. 
and so forth-reducing 
the stack 


depth by that number.) The stack pointer defaults to 7 on 
reset. so that the stack will start growing up from location 


8.just like in the 8048. By altering the pointer contents the 
stack may be relocated 
anywhere 
within internal 
RAM. 


Finally. a 16-bit register called the data pointer (DPTR) 
serves as a base register in indirect jumps. 
table look-up 


instructions. 
and external 
data transfers. 
The high- and 
low-order 
halves of the data pointer may be manipulated 


as separate 
registers 
(DPH 
and 
DPL, 
respectively) 
or 


together 
using special instructions 
to load or increment 


all sixteen bits. Unlike the 8048. look-up tables can there- 
fore 
start 
anywhere 
in program 
memory 
and 
be of 


arbitrary 
length. 


Memory Spaces 


Program 
memory 
is separate 
and 
distinct 
from 
data 


memory. 
Each memory 
type has a different 
addressing 


mechanism. 
different 
control 
signals. 
and 
a different 


function. 


The program 
memory array (ROM or EPROM). 
like an 


elephant. 
is extremely 
large and never forgets informa- 


tion, even when power is removed. 
Program 
memory is 


used for information 
needed each time power is applied: 
initialization 
values, 
calibration 
constants. 
keyboard 


layout tables, etc., as well as the program 
itself. The pro- 


gram memory 
has a sixteen-bit 
address 
bus; its elements 


are addressed 
using the Program 
Counter 
or instructions 


which generate a sixteen-bit address. 


To stretch our analogy just a bit, data memory 
is like a 


mouse: it is smaller and therefore 
quicker 
than program 


memory. and it goes into a random 
state when electrical 


power is applied. On-chip data RAM is used for variables 
which are determined 
or may change while the program 


is running. 


A computer 
spends most of its time manipulating 
vari- 


ables. 
not constants, 
and a relatively 
small number 
of 


variables at that. Since eight-bits 
is more than sufficient 


to uniquely 
address 
128 RAM 
locations. 
the 
on-chip 


RA M address 
register is only one byte wide. In contrast 


to the program 
memory. 
data 
memory 
accesses need a 


single eight-bit 
value-a 
constant 
or another 
variable- 


to specify a unique location. 
Since this is the basic width 


of the 
ALU 
and 
the 
different 
memory 
types, 
those 


resources 
can 
be used by the addressing 
mechanisms, 


contributing 
greatly to the computer's 
operating efficiency. 


The partitioning 
of program and data memory is extended 


to 
off-chip 
memory 
expansion. 
Each 
may 
be added 


independently. 
and each uses the same address and data 


busses. but with different 
control 
signals. 
External 
pro- 


gram memory is gated onto the external 
data bus by the 


PSEN 
(Program 
Store 
Enable) control 
output. 
pin 29. 


External 
data 
memory 
is read onto the bus by the RD 


output. 
pin 17, and written 
with data supplied 
from the 


microcomputer 
by the WR output. 
pin 16. (There is no 


control 
pin to write external 
program 
ROM, which is by 


definition 
Read Only.) While both types may be expanded 


to up to 64K 
bytes, 
the external 
data 
memory 
may 
optionally 
be expanded 
in 256 byte "pages" to preserve 


the use of P2 as an I a port. This is useful with a relatively 
small expansion 
RAM (such as the Intell!!>8155) or for 


addressing external peripherals. 


Single-chip 
controller 
programs 
are finalized during 
the 


project design cycle, and are not modified 
after produc- 


tion. 
Intel's 
single-chip 
microcomputers 
are 
not 
"von 


Neumann" 
architectures 
common 
among 
main-frame 


and 
mini'-computer 
systems: 
the 
MCS-51 ,. 
processor 


data memory-on-chip 
and external-may 
not be used 


for program 
code. Just as there is no write-control 
signal 


for program 
memory. 
there is no way for the CPU 
to 


execute 
instructions 
out of RAM. 
In return. 
this con- 


cession 
allows 
an 
architecture 
optimized 
for 
efficient 


controller 
applications: 
a large. fixed program 
located in 


ROM. a hundred 
or so variables in RAM. and different 


methods for efficiently addressing each. 


(Von Neumann machines are helpful for software develop- 
ment and debug. 
An 8051 system could be modified 
to 


have a single off-chip memory 
space by gating together 


the two memory-read 
controls 
(PSEN 
and RD) with a 


two-input 
AND 
gate (Figure 
5). The CPU 
could 
then 
write data into the common memory array using WR and 


inter 


1-- 
n~~}TO 
MEMORY 


...: 
IlfIiliIl 
ARRAY 


Figure 5. Combining 
External 
Program 
and 
Data 
Memory Arrays 


external 
data transfer 
instructions. 
and read instructions 


or data with the AND gate output 
and data transfer 
or 
program 
memory 
look-up 
instructions.) 


In addition 
to the memory 
arrays, 
there is (yet) another 


(albeit sparsely 
populated) 
physical address 
space. Con- 


nected to the internal 
data 
bus are a score of special- 


purpose eight-bit registers scattered 
throughout 
the chip. 


Some 
of these-B. 
SP. 
PSW. 
DPH. 
and 
DPL--have 


been discussed above. Others-I/O 
ports and peripheral 


function 
registers-will 
be introduced 
in the following 


sections. Collectively, these registers are designated 
as the 


~special-function 
register~ address 
space. Even the accu- 


mulator 
is assigned a spot in the special-function 
register 


address space for additional 
flexibility and uniformity. 


Thus, the MCS-5I'· 
architecture 
supports 
several distinct 


~physical" address 
spaces, functionally 
separated 
at the 
hardware 
level by different addressing 
mechanisms. 
read 


and write control signals. or both: 


• On-chip program 
memory; 


• On-chip data memory; 
• Off<hip 
program 
memory; 


• Off<hip 
data memory; 


• On-chip special-function 
registers. 


What the pru/?rammer 
sees. though, are ~logical" address 


spaces. 
For 
example. 
as 
far 
as 
the 
programmer 
is 


concerned. 
there is only one type of program 
memory. 


64K bytes in length. The fact that it is formed 
by com- 


bining on- and off-chip arrays (split4K/60K 
on the 8051 


and 
8751) is ~invisible" 
to the programmer; 
the CPU 


automatically 
fetches 
each 
byte from 
the appropriate 


array. based on its address. 


(Presumably. 
future 
microcomputers 
based 
on 
the 


MCS-5I'· 
architecture 
may have a different physical split. 
with more or less of the 64K total implemented 
on<hip. 


Using the MCS-48'· 
family as a precedent. 
the 8048's 4K 


potential program address space was split IK/3K between 
on- and off<hip arrays; the 8049's was split 2K/2K.) 


Why go into such tedious details about address 
spaces? 
The logical addressing 
modes are described in the Instruc- 


tion 
Set chapter 
in terms 
of physical 
address 
spaces. 


Understanding 
their differences now will payoff in under- 


standing and using the chips later. 


Input/Output 
Ports 


The MCS-5I'· 
I/O port structure 
is extremely 
versatile. 


The 8051 and 8751 each have 32 I/O pins configured 
as 


four eight-bit parallel ports (PO. PI. P2. and P3). Each pin 
will input or output 
data (or both) under software 
con- 


trol. and each may be referenced 
by a wide repertoire 
of 


byte and bit operations. 


In various operating 
or expansion 
modes. some of these 


I 0 pins are also used for special input or output 
func- 


tions. 
Instructions 
which 
access external 
memory 
use 


Port 0 as a multiplexed address/data 
bus: at the beginning 


of an external 
memory cycle eight bits of the address are 


output 
on PO; later data is transferred 
on the same eight 


pins. 
External 
data 
transfer 
instructions 
which supply 


a 
sixteen-bit 
address, 
and 
any 
instruction 
accessing 


external 
program 
memory, 
output 
the high-order 
eight 


bits on P2 during the access cycle. (The 8031 aill'O.l'J 
uses 


the pins of POand P2 for external addressing. 
but P I and 


P3 are available for standard 
I 0.) 


The eight pins of Port 3 (P3) each have a special function. 
Two external 
interrupts. 
two counter 
inputs. 
two serial 


data lines. and two timing control 
strobes use pins of P3 


as described 
in Figure 6. Port 3 pins corresponding 
to 


functions 
not used are available for conventional 
I/O. 


Even within a single port. I/O functions may be combined 
in many ways: input and output 
may be performed 
using 


different pins at the same time, or the same pins at different 
times; in parallel in some cases. and in serial in others: as 
test pins. or (in the case of Port 3) as additional 
special 


functions. 


(MSB) 
I 
00 I wo 
T1 


Symbol 
Position 


RD 
PJ.7 


WR 
PH 


TI 
PJ.5 


TO 
PH 


(lSB) 


TO 
liNn 
jlNTO I 
TXD I 
IUD I 


Name and Signilicance 
Read data control output. Active low 
pulse generated by hardware when 
external data memory is read. 


Write data control output. Active low 
pulse generated by hardware when 
external data memory is written. 


Timer counter 
I external input or test 


pin. 


Timer counter 0 external input or test 
pin. 


Symbol 
Position 
Name and Slgnllicance 


I 'TI 
P3.3 
Interrupt I input pin. Low-levelor 
falhng-edge triggered 


Interrupt 0 input pin. Low-levelor 
falling-edgetriggered. 


Transmit Data pin for serial pon in 
UART mode. Clock output in shift 
register mode. 


Receive Data pin for serial port 10 
UART mode. Data I 0 pin in shift 
register mode. 


Special Peripheral Functions 


There are a few special needs common 
among 
control- 


oriented computer 
systems: 


• 
keeping track of elapsed real-time; 


• maintaining 
a count of signal transitions: 
• measuring 
the precise width of input pulses: 


• communicating 
with other systems or people: 


• closely monitoring 
asynchronous 
external events. 


Until 
now. 
microprocessor 
systems 
needed 
peripheral 


chips such as timer counters. 
USARTs. 
or interrupt 
con- 


trollers 
to meet these needs. The 8051 integrates 
all of 


these capabilities 
on-chip' 


Timer/Counters 


There are two sixteen-bit 
multiple-mode 
Timer Counters 


on the 8051. each consisting of a "High" byte (correspond- 
ing to the 8048 "T' register) and a low byte (similar to the 
8048 prescaler. 
with the additional 
flexibility 
of being 


software-accessible). 
These registers are called. naturally 


enough. 
THO. TLO. TH I. and TL I. Each pair may be 


independently 
software 
programmed 
to any of a dozen 


modes with a mode register designated 
TMOD 
(Figure 


7). and controlled 
with register TCON (Figure 8). 


The timer modes can be used to measure time intervals. 
determine 
pulse widths. or initiate events. with one-micro- 


second 
resolution. 
up to a maximum 
interval 
of 65.536 


instruction 
cycles (over 65 milliseconds). 
Longer delays 


may easily be accumulated 
through 
software. Configured 


as a counter. the same hardware 
will accumulate 
external 


events at frequencies 
from D.C. to 500 KHz. with up to 


sixteen bits of precision. 


Serial Port Interface 


Each microcomputer 
contains 
a high-speed. 
full-duplex. 


serial port which is software 
programmable 
to function 


in four 
basic modes: 
shift-register 
I 0 expander. 
8-bit 


UART. 9-bit UART. or interprocessor 
communications 


link. The UART modes will interface with standard 
I 0 


devices (e.g. CR Ts. teletypewriters. 
or modems) at data 


rates 
from 
122 baud 
to 
31 kilobaud. 
Replacing 
the 


standard 
12 MHz crystal with a 10.7 MHz crystal allows 


110 baud. Even or odd parity (if desired) can be included 
with simple bit-handling 
software routines. Inter-processor 


communications 
in distributed 
systems takes place at 187 


kilobaud 
with 
hardware 
for 
automatic 
add.ressidata 


message recognition. 
Simple TTL or CMOS shift registers 


provide low-cost 
I/O expansion 
at a super-fast 
I Mega- 


baud. The serial port operating 
modes are controlled 
by 


the contents of register SCON (Figure 9). 


Interrupt Capability and Control 


(Interrupt 
capability 
is generally 
considered 
a 
CPU 


function. 
It is being introduced 
here since. from an appli- 


cations 
point of view. interrupts 
relate more closely to 


peripheral 
and system interfacing.) 


(M.B) 
IL.B) 
I GATE I CIT I 
Ml 
MO I GATE I 
CIT 
Ml I 
MO I 
---- 
_---''------.-----J 


TIMER 
1 
TIMER 
0 


Operating 
Mode 
MCS-48 
Timer. "TLx" 
serves as five- 


bit prescaler. 


16-bit timer counter. 
"THx" 
and "TLx" 


are cascaded: 
there is no prescaler. 


8-bit auto-reload 
timer counter. 
"THx" 


holds a value which is to be reloaded 
into "'TLx" each time it overflows. 
Gating control. 
When set. Timer counter 


"x" is enabled 
only while "INTx" 
pin is 
high and "TRx" control 
bit is set. When 


cleared. timer/counter 
is enabled 
whenever 
"TRx" control 
bit is set. 


(Timer 
0) 
TLO is an eight-bit 
timer 


counter 
controlled 
bv the 


standard 
Timer 0 co~trol 


bits. 
THO is an eight-bit 
timer 


only controlled 
by Timer 
I 


control 
bits. 


Timer or Counter 
Selector. 
Cleared 
for 


Timer 
operation 
(input 
from 
internal 


system clock). Set for Counter 
opera- 
tion (input 
from "Tx" input pin). 


("58) 
(LSB) 
I 
TF1 I 
TRl 
TFo 
TAO 
IE1 
ITl 
IEO 
liTO 


Symbol 
Position 
Name and Significance 


TFI 
TCON.7 
Timer I overflow Flag. Set by hardware 
on timer counter overflow. Cleared 
when 
interrupt 
processed. 


Symbol 
Position 


lEI 
TCON.3 


Name and Significance 


Interrupt 
I Edge flag. Set by hardware 


when external 
interrupt 
edge detected. 


Cleared 
when 
interrupt 
processed. 


ITI 
TCON.2 
Interrupt 
I Type control 
bit. Set cleared 


TCON.6 
Timer 
I Run control 
bit. Set cleared 
by software 
to specify falling edge 
low 


by software 
to turn 
timer/counter 
level triggered 
external 
interrupts. 


on/off. 


lEu 
TCON.I 
Interrupt 
0 Edge flag. Set by hardware 


TCON.5 
Timer 0 overflow 
Flag. Set by hardware 
when external 
interrupt 
edge detected. 


on timer 
counter 
overflow. 
Cleared 
Cleared 
when interrupt 
processed. 


when interrupt 
processed. 


ITO 
TCON.O 
Interrupt 
0 Type control 
bit. Set cleared 


TCON.4 
Timer 0 Run control 
bit. Set/cleared 
by 
by software 
to specify falling edge 
low 


software 
to turn timer counter 
on off. 
level lriggered 
external 
interrupts. 


Symbol 
Position 
Name and Significance 


SMO 
SCON.7 
Serial port Mode control bit O. 
Set/cleared by software (see note). 


SMI 
SCON.6 
Serial port Mode control bit I. 
Set/cleared by software (see note). 


SM2 
SCON.5 
Serial port Mode control bit 2. Set by 
software to disable reception of frames 
for which bit 8 is zero. 


REN 
SCONA 
Receiver Enable control bit. Set/cleared 
by software to enable/disable serial 
data reception. 


TB8 
SCON.3 
Transmit Bit 8. Set/cleared by hard- 
ware to determine 
state of ninth data 
bit transmitted in 9-bit UART mode. 


Symbol 
Position 
RB8 
SCON.2 


Name and Significance 
Receive Bit 8. Set/cleared by hardware 
to indicate state of ninth data bit 
recei~ed. 


TI 
SCON.I 
Transmit Interrupt flag. Set by hard- 
ware when byte transmitted. Cleared 
by software after servicing. 


RI 
SCON.O 
Received Interrupt flag. Set by hard- 
ware when byte received. Cleared by 
software after servicing. 


the state 
of (SMO.SMI) 
selects: 


(0.0) -Shift 
register 
I 0 expansion. 


(0.1) 
-8 bit UART. 
variable 
data rate. 


(1.0) -9 
bit UART. 
fixed data 
rate. 


(1.11 
9 bit UART. 
variable 
data 
rale. 


These 
peripheral 
functions 
allow 
special 
hardware 
to 


monitor 
real-time 
signal interfacing 
without 
bothering 


the CPU. For example, imagine serial data is arriving from 
one CRT 
while being transmitted 
to another, 
and one 


timer/counter 
is tallying 
high-speed 
input 
transitions 


while the other measures 
input pulse widths. During all 


of this the CPU is thinking about something else. 


But how does the CPU know when a reception, transmis- 
sion, count, 
or pulse is finished? The 8051 programmer 


can choose from three approaches. 


TCON and SCON contain status bits set by the hardware 
when a timer overflows or a serial port operation 
is com- 


pleted. The first technique 
reads the control 
register into 


the accumulator, 
tests the appropriate 
bit, and does a 


conditional 
branch 
based 
on the result. 
This "polling" 


scheme 
(typically 
a three-instruction 
sequence 
though 


additional 
instructions 
to 
save and 
restore 
the 
accu- 


mulator 
may 
sometimes 
be 
needed) 
will 
surely 
be 


familiar 
to programmers 
used to multi-chip 
microcom- 


puter 
systems 
and 
peripheral 
controller 
chips. 
This 


process is rather cumbersome, 
especially when monitoring 


multiple peripherals. 


As a second approach, 
the 8051 can perform a conditional 


branch 
based on the state of any control 
or status bit or 


input 
pin 
in a single 
instruction; 
a four 
instruction 


sequence 
could 
poll the four 
simultaneous 
happenings 


mentioned 
above in just eight microseconds. 


Unfortunately, 
the CPU must still drop 
what it's doing 


to test these bits. A manager 
cannot 
do his own work 


well if he is continuously 
monitoring 
his subordinates; 


they should interrupt 
him (or her) only when they need 


attention 
or guidance. 
So it is with machines: ideally, the 


CPU would not have to worry about the peripherals 
until 


they require servicing. At that time, it would postpone 
the 


background 
task long enough to handle the appropriate 


device, then return to the point where it left off. 


This is the basis of the third and generally optimal 
solu- 
tion, 
hardware 
interrupts. 
The 8051 has five interrupt 


sources: one from the serial port when a transmission 
or 


reception 
is complete, 
two from the timers when over- 


flows occur, and two from input 
pins INTO and INTI. 


Each source 
may be independently 
enabled 
or disabled 


to allow polling on some sources or at some times, and 
each may be classified 
as high or low priority. 
A high 


priority 
source 
can 
interrupt 
a 
low 
priority 
service 


routine; 
the 
manager's 
boss can 
interrupt 
conferences 


with subordinates. 
These options are selected by the inter- 


rupt 
enable 
and 
priority 
control 
registers, 
IE and 
IP 


(Figures 
10 and 11). 


Each source 
has a particular 
program 
memory 
address 


associated 
with it (Table 3), starting 
at 0OO3H (as in the 


8048) and continuing 
at .eight-.byte intervals. 
When an 


event enabled for interrupts occurs the CPU automatically 
executes an internal subroutine 
call to the corresponding 


address. ·A user subroutine 
starting 
at this location 
(or 


jumped 
to from this location) then performs 
the instruc- 


tions to service that particular 
source. After completing 


the interrupt 
service 
routine, 
execution 
returns 
to the 


background 
program. 


Interrupt 
Service Routine 


Source 
Starting Address 


(Reset) 
OOOOH 


External 0 
0003H 


Timer/ Counter 0 
OOOBH 


External 
I 
OOl3H 


Timer/Counter I 
OOIBH 


Serial Port 
0023H 


inter 


(11'8) 
I 
EA I 


Symbol 
Position 


EA 
IE.? 


(lS8) 


ES 
ETl 
!Xl 
ETa I no I 


Name and Slgnlllcance 


Enable 
All control 
bit. Cleared 
by 
software 
to disable all interrupts. 
independent 
of the state of IE.4-IE.O. 


Enable Serial port control 
bit. 


Set cleared 
by software 
to enable 
disable 
interrupts 
from TI or R I nags. 


Enable Timer 
I control 
bit. Set cleared 
by software 
to enable 
disable 
interrupts 
from 
timer 
counter 
I. 


Symbol 
POlltlon 


EXI 
IE.2 


Name and Significance 


Enable 
External 
interrupt 
I control 
bit. 


Set cleared 
by software 
to enable 


disable 
interrupts 
from INTI. 


Enable Timer 0 control 
bit. Set cleared 


by software 
to enable 
disable 
interrupts 


from 
timer 
counter 
0 


Enable 
External 
interrupt 
0 control 
bit. 


Set cleared 
by software 
to enable 


disable 
interrupts 
from INTO. 


(MSB) 
I - I 


Symbol 
Position 
JP.? 
JP.6 
IP.5 


(lSB) 


PS 
PTl 
PXl 
PTO I pxo I 


Name and Significance 
(reserved) 
(reserved) 
(reserved) 


Serial 
port 
Priority 
control 
bit. 


Set cleared 
by software 
to specify 
high 
lo\\- priority 
interrupts 
for Serial 
port. 


Timer 
I Priority 
control 
bit. 


Set cleared 
by software 
to specify 


high 
low 
priority 
interrupts 
for 


timer 
counter 
I. 


Symbol 
Position 


PX I 
IP.2 


Name and Significance 


External 
interrupt) 
Priority 
control 


bit. Set 
cleared 
hy software 
to "pecify 


high 
lov.. priority 
interrupt~ 
lor I:"iTI. 


Timer 
0 Priority 
control 
bit. 


Set cleared 
by software 
to specify 


high 
low 
priority 
interrupts 
for 


timer 
counter 
O. 


External 
interrupt 
0 Priority 
control 


bit. 
Set 
cleared 
by software 
to specify 


high 
10" priority 
interrupts 
for I"TO. 


inter 


0\1>1> 
ADD 
ADD 
ADD 
'\DIK 
"DIlC 
"nile 
"DJ)C 
SI'BH 
Sl 
liH 
SIHH 
SI·HH 
1'<' 
1'\<." 
1'\(" 
I'\C 
Drc 
DFC 
DFC 
DFe 
I\C 
'11'1 
IlIV 
Do\ 


A.Rn 
.I\.dlrcct 
A.(Q~Ri 
Atldata 
A,Rn 
A.dm'ci 
AJa'RI 
A.-data 
".Rn 
A.dlfeCI 
A.(a 
Ri 
A,-data 
A 
Rn 
dm'ci 


(Q Rl 


A 
Rn 
direct 
(0 RI 
I>"IR 
AH 
AH 
A 


D~criplion 
Add 
regl~lcr 
10 AccumulalOf 


Add 
d1rl~ct tWlc 
10 Accumulator 


Add 
indirect·RAM 
10 Accumulator 
Add 
immediate 
data 
tn AccumulalM 


Add 
rC!!*,ler 
III Accumulator 
\Iouh 
('arr~ 
Add 
direct 
h~tc 
In A Yoilh 
Carry 
na~ 
Add 
Indireci 
RAM 
ltl 
A 
IAlth 
Carry 
natt 


Add 
Immediate 
data 
III A \Io.lh 
Carry 
fla!,! 


Suhlract 
rc:g.'ler 
from 
A 
\/ollh 
Borm" 
Suhtract 
direct 
b\lc 
from 
A \Iolth 
Burm", 
SubiraCI 
Indirect'RAM 
(rum 
A v. 
Rorro", 


Suhlracl 
Immed 
data 
from 
A v. 
Horro 
•••• 


Incremen! 
AccumulalUr 


Incrcmcni 
rctu'tcr 


Im:rcml'n1 
dlrl,,(" 
b\IC 


Increment 
lOdm:ct'RAM 
llecrcrnl'nt 
Al"Curnulator 


J)ecn.:menl 
rt:~I'h:r 


DeCreml'nl 
dlrcl'l 
h\le 


Ikcrl'mt:nl 
Indlrl-ct'RAM 
Incremt:nt 
Data 
I'oinlt:r 


\1ullipl~ 
A & 
H 
Di\ldt: 
A h\ 
H 
f)t:l'lmal 
Adju,t 
ACl'umulall1r 


D~tinalion 
A,\"f) 
re~"ll'r 
III Accumulalor 


A'\ 
D dirt:ct 
1"1\ 
Ie hi ACl'urnulalor 


A""" I> Indlrect'RAM 
10 Accumulalor 


A '\1> 
Immt'dialt: 
dala 
10 ACl'urnulalor 


A '\1> 
Accumulatur 
tu direct 
b\te 
A'\ 
I> immediate 
data 
III dm'el 
b\le 
OR 
re~I'ler 
10 Accumulalor 
. 


OR 
dlrel't 
h\le 
IU Accumulalnr 
OR 
indirect'RAM 
In Al'l'umulalur 
OR 
Immedlale 
dala 
III Accumulatur 
OR 
Accumulalor 
In direci 
h\le 


OR 
Immediate 
data 
In dacci 
h\te 
Exclu'l\('·()R 
re~"lcr 
10 Al'cunlUlator 


F'tclu,,\e·OR 
dlrecl 
tnll' 
III f'ccumulaltlr 
Fxclu'l\e·OR 
Indlrect'RAM 
Iu A 
Exclm1\e·OR 
lmmcdlall' 
dala 
III A 


Exclu,i\l'-OR 
Al'cumulalor 
hl dirl'l:t 
h\tl' 
F.xclu.'1\c·OR 
,mmedlatl' 
dala 
10 dlrecl 
Clear 
AccumulaltH 
Complement 
Accumulahlr 
ROlate 
Accumulator 
I ell 


Rotate 
A I ell 
Ihrough 
Ihe 
Carr~ 
nag 
Rotate 
Accumulator 
Right 
ROlate 
A Right 
Ihrough 
Carr~ 
nag 


S'Aap 
nibhle, 
\/Iithln 
Ihe 
Accurryulaltlr 


Dncriplion 
MOH' 
rcg"ler 
10 Accumulalur 
Mo\c 
direct 
h\IC 
In J\ccumulalllr 
Mtl\e 
indm:cl'RAM 
to Accumulator 
Mu\(: 
Immcdl<itl' 
data 
hi Accumulator 
Mtnc 
Accumulator 
In n:gl,tcr 
Mil\(: 
direci 
h~lt: 
Itl rC~"lcr 


Mtne 
immediatt: 
dala 
Iu rcgi,lt'r 


\1u\C 
Accumulator 
ttl dirt'ct 
h\lt: 


M.nc 
rcg"ler 
to dlrl:ct 
b~te 
. 


Mtl\e 
dircct 
tnlt: 
Itl direci 
Mtl\e 
Indlrect'RAM 
hi direct 
h\te 
Mtl\e 
Immcdiate 
data 
to direct 
tl\le 


MO\e 
Accumulator 
tll indirect 
R'AM 
MtHe 
direct 
h\te 
III indircl't 
RAM 
MO\e 
immediate 
dala 
Itllndlrect 
RAM 
Load 
Data 
POlntcr 
\/lith 
a Ifrhill'on'lant 


Bvle C'vc 


"I 
i 


2 
I 


I 
I 


2 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I, 


B\le 
C'\( 


'1 
i 


2 
I 
I 
I 
2 
I 
2 
I, 


I 


B~te 
C'~c 


I 
I 
2 
I 
I 
I 
I, 


Mnemonic 
MOVC 
A.@A+DPTR 
MOV, 
A.@MP, 
MOVX 
A,@RI 
MOV.X 
A.@[)PTR 
MOVX 
@Ri.A 


MOVX 
@[)PI 
R.A 
PlISH 
direct 


POP 
direct 


XCH 
A,Rn 
XCH 
A.direct 


XCH 
A.@RI 


XCHI> 
A.@Rl 


D"criplion 
Mo\e 
Code 
h\'te 
relative 
to 
DPTR 
10 A 


Mo\e 
Code 
h\'le 
relative 
10 I'C 
In A 


Mo\c 
hternal 
RAM 
(K-hil 
addrl 
10 A 


Mme 
bternal 
RAM 
Oft-hil 
addrl 
10 A 


M(l\'e 
A In External 
RAM 
IK-bit 
addrl 


Mmc 
A to 
Fxternal 
RAM 
llfl-hll 
addrl 


I'u,h 
direcl 
h\le 
onto 
!<Iad. 


Pop 
direct 
h~'lc 
from 
••lad. 


E.xchang( 
re~l'ter 
\/Iilh 
Accumulator 
E.xchangt: 
direct 
hYle \/lith 
A\.:l,'umulator 
Exchange 
,ndlrect 
RAM 
\/1111'1A 


E'(chan~c 
IU\/I·order 
nigll 
Ind 
RAM 
\/I A 


Byl~ 
C'yc 


I 
2 


I 
2 


I 
1 


I 
2 


I 
2 


I 
2 
1 
2 
2 
2 


D~riplion 
Ckar 
Carr~ 
nag 
Clear 
dlrt:ct 
bll 


Set 
Carr~ 
nat/. 


Sel 
dIrect 
HII 


('llmplcment 
Carr~ 
nag 


Cnmpkment 
dlTet:1 bil 


A'\"I>dlreC! 
biliO 
('arr~ 
nag 


A'\"l> 
compkment 
01 direct 
hit 
to Carr~ 


OR 
dlTcct 
hit 
III ('arr~ 
nag 


OR 
l:llmpkment 
ot direct 
hit 1\1 Carr~ 


Mtne 
direct 
bit 
Itl ('arry 
nag 


MOH' 
Carr~ 
nag 
to direct 
hit 


B~te (')C 


I 
I 
2 
I 
I 
I 
I 
I, 


2 
2 
2 


A'\"i 
A'\I"I 
A" 
A'I"I 
ORI 
ORI 
ORI 
ORI 
ORI 
ORI 
'RI 
XRI 
'RI 
XRI 
XRI 
'KI 
('IR 
('PI 
KI 
RIC 
RK 
RRC 
sWAl' 


A,Rn 
A,dlrect 
A.(o 
Ri 
A,-dala 
dlrect.A 
dlrcct.-d.Ha 
".Rn 
A,dlreci 
A.co Ri 
A,-dala 
dlrec!.A 
dlrect.-dala 
·'.Rn 
A,daect 
A,(o 
Ri 
A.-data 
dlrl·ct.A 
dlrect,·data 
A 
A 
A 
A 
A 
A 
A 


\1nemonic 
ClR 
(' 


('f 
R 
1'111 


SFI 
H 
(' 


SF 
I H 
hit 


<:1'1 
(' 
n'l 
hit 
A\'I 
Chit 


A'\'I 
C 
bit 
ORI 
Chit 
ORI 
Chit 
MOV 
Cblt 


MOV 
OIl,C 


\1nemonir 
ACAII 
.Iddrll 


1 C"II 
addrlfl 


Rrl 
Rrll 
A.I\1I' 
I.lMP 
S.lMI' 
-,\iP 
.17 
.1'\1. 


.1(' 
.1\(' 
.IH 
.I\H 
.IH(· 
C1'~ 
CI'\'F 
c.I'\"r 
C"F 
D.I'\7 
D.I'\I 
'\01' 


••ddrll 
addrlfl 
rd 
(oA"IWIR 
rd 
rei 
reI 
rei 
hll,rl'l 
bll,rel 
blt,rel 
Adlrel't.rel 
A.lldata.rel 
Rn,·dal,uel 
(a)R •.-dal 
••.rel 
Rn,rt'l 
dm't:t.rd 


r>e~cripfion 
Ah,ulule 
Subroutine 
Call 


I nng 
Subroullne 
('all 


Return 
Ifllm 
,ubrnutlne 


Relurn 
lrom 
inlerrupt 


Ab,ulul( 
Jump 


I ling 
Jump 


Shurt 
Jump 
(rd ••u\c 
addrJ 


Jump 
indlrcci 
fI:latl\( 
!\lthe 
I>P rR 


Jump 
It Accumulator 
i, Zero 


.lump 
If Al'cumulator 
I" 'ot 
Zero 


Jumr 
It Carr~ 
na~" 
'oCt 


.lump 
If '\"0 Carr~ 
nag 


Jump 
11dlrecl 
Hil -.et 


.Jump 
If direci 
HII 'ot 
,el 


.lump 
if direct 
Hit i, .,el & Ckar 
hll 


Compare 
direct 
to A & .lump 
iI 'Ill 
E4ua1 


Cnmp. 
Immed 
to 
A & Jump 
if 'ot 
F4ual 


('omr, 
immed, 
In reg. 
& Jump 
if 'ot 
E4ual 
Compo 
Immcd, 
Itl ind. 
& Jump 
if 'nt 
F4ual 


Decrement 
regi,ter 
& .lump 
If '\'ot 
ZCrt\ 


1~l'fCml'nt 
dlrel·t 
& Jump 
d '\ot 
I.erll 


'\U 
tlpl'fatllln 


B~t~ 
C)e 
1 
2,,, 


'utr 
•• un 
data 
addr"~nl 
mod~: 


Rn 
"or~lng 
rcg"ll'r 
RI) 
R7 


dlr\.·" 
11K Inll'rnal 
RA\1lt'lt;aIIUn" 
an~ 
I 0 
pnrt. 
cunlrlll 
ur ,lalU' 
reg"lcr 
(a R, 
Indlrecllnll'rnal 
RAM 
lucallon 
addre"ed 
h~ regl'ler 
KII IIr KI 


-dill a 
~·hlll'lm'tant 
included 
In 1n,lrUCliun 


lldalilltI 
ltI·hll 
\.·umtanl 
indudt'd 
i.I' b\II."' 
1 .1.' 111In,trul·twn 


bit 
11K ,d!t\/lan' 
nag ••. i.Iny 1 () pm. cuntrul 
{\( ,Iatu, 
bll 


'ute'" 
un 
pmlram 
addr~ 
••inl 
mode",: 
addrlfl 
Ik'llnallon 
addrc" 
1m 
I ('All 
& 
I.lM!' 
ma\ 
bl." afl\\/Ihcrc 
\/Iithin 


Ihe 
tl4·Kilub~te 
pmgram 
mcmt1r~ 
addre" 
,pan: 
' 


••ddrll 
Ik,linalltln 
addrc" 
tnr 
A('AII 
& 
"'.IMP 
\/1111tx' 
\/IlIhln 
Ihl." ,a me 


1-Klhlb~te 
pagx 
of program 
ml'mnr~ 
a' 
Ihl' 
lir,t 
h~ll' 
III thl." fullll\/ling 


In,truCllon 
rei 
S.lMP 
and 
atll'llnditillOal1umfh 
Include 
an 
K·hll 
tlthel 
h~le. 
Rang.e 
i, 


"127 
12K h~te, 
relali\c 
11l1",t 
hy-te ufthe 
lollo\/ling. 
,n,trul'lwn 


\1ntmonic 
'-10\ 
".Rn 
\10\ 
·\.dlrCl·1 
\10\ 
AJn RI 
\10\ 
".-dala 
\10\ 
Rn,'" 


\iO\ 
Rn,dlrl·l·t 


\10\ 
Rn.lldalil 
i\o10\ 
direl't.A 
"-10\' 
dm:ct.Rn 
\10\, 
din:cl.dlrect 
\10\ 
dlreclJa 
RI 
\tIO\' 
dlrcl't.-dala 
\10" 
(o'R,.A 
\10" 
(n'Rl.dirl·" 
VI0" 
(n'R •.• datii 


MOV 
IWI 
R,-dalaI6 


The 8051 instruction 
set is extremely 
regular. in the sense 


that 
most instructions 
can operate 
with variables 
from 


several different physical or logical address spaces. Before 
getting deeply enmeshed 
in the instruction 
set proper. it 


is important 
to 
understand 
the 
details 
of 
the 
most 


common 
data addressing 
modes. Whereas Table 4 sum- 


marizes the instructions 
set broken 
down by functional 


group. 
this 
chapter 
starts 
with 
the 
addressing 
mode 


classes and builds to include the related instructions. 


Data Addressing Modes 


MCS-51 
assembly 
language 
instructions 
consist 
of an 


operation 
mnemonic and 7ero to three operands separated 


by commas. 
In two operand 
instructions 
the destirtation 


is specified first. then the source. 
Many byte-wide 
data 


AFN·01502A-17 


inter 


operations 
(such as ADD 
or MOY) inherently 
use the 


accumulator 
as a source operand 
and/or 
to receive the 
result. For the sake of clarity the letter "A" is specified in 
the source 
or destination 
field in all such instructions. 


For example. the instruction. 


ADD 
A,<source> 


will add the variable<source>to 
the accumulator, 
leaving 


the sum in the accumulator. 


The operand 
designated 
"<source>" 
above may use any 


of four common 
logical addressing 
modes: 


• 
Register-one 
of the working 
registers in the cur- 


rently enabled bank. 


• 
Direct-an 
internal 
RAM 
location. 
I 0 port. 
or 


special-function 
register. 


• 
Register-indirect-an 
internal 
RAM 
location. 


pointed to by a working register. 
• 
Immediate data-an 
eight-bit constant 
incorporated 


into the Instruction. 


The first three modes provide access to the internal RAM 
and Hardware 
Register address spaces, and may therefore 


be used as source or destination 
operands: 
the last mode 


accesses program 
memory and may be a source operand 


only. 


(It is hard to show a "typical application" 
of any instruc- 


tion without involving instructions 
not yet described. The 


following descriptions 
use only the self-explanatory 
ADD 


and 
MOY 
instructions 
to demonstrate 
how 
the 
four 


addressing 
modes 
are 
specified 
and 
used. 
Subsequent 


examples will become increasingly complex.) 


Register Addressing 


The 8051 programmer 
has access to eight "working regis- 


ters," numbered 
RO-R7. The least-significant 
three-bits of 


the instruction 
opcode 
indicate 
one register within this 


logical address space. Thus, a function code and operand 
address 
can 
be combined 
to form 
a short 
(one byte) 


instruction 
(Figure 
12.a). 


The 8051 assembly language indicates register addressing 
with the symbol 
Rn (where n is from 0 to 7) or with a 


symbolic 
name 
previously 
defined 
as a register 
by the 


EQUate 
or SET directives. 
(For 
more information 
on 


assembler 
directives see the Macro Assembler 
Reference 


Manual.) 


There are four such banks of working registers, only one 
of which is active at a time. Physically. they occupy the 
first 32 bytes of on-chip 
data 
RAM (addresses 
0-1FH). 


PSW 
bits 4 and 
3 determine 
which 
bank 
is active. 
A 


hardware 
reset 
enables 
register 
bank 
0; to 
select 
a 


different bank the programmer 
modifies PSW bits 4 and 


3 accordingly. 


Example 
2 - Selecting 
Alternate 
Memory 
Banks 


Register addressing 
in the 8051 is the same as in the 8048 


family. 
with 
two enhancements: 
there 
are 
four 
banks 


rather than one or two, and 16 instructions 
(rather than 


12) can access them. 


Direct Byte Addressing 


Direct 
addressing 
can 
access 
anyon-chip 
variable 
or 


hardware 
register. An additional 
byte appended 
to the 


opcode specifies the location to be used (Figure 
12.b). 


Depending 
on the highest order bit of the direct address 


byte, 
one of two physical 
memory 
spaces 
is selected. 


When the direct address is between 0 and 127 (OOH-7FH) 
one of the 128 low-order on-chip RAM locations is used. 
(Future 
microcomputers 
based on the MCS-5I'· 
archi- 


tecture 
may incorporate 
more than 
12Mbytes of on-chip 


RAM. 
Even if this is the case, only the low-order 
12M 


bytes will be directly addressable. 
The remainder 
would 


be accessed indirectly or via the stack pointer.) 


All I 0 ports 
and 
special 
function, 
control. 
or status 


registers 
are 
assigned 
addresses 
between 
128 and 
255 


(80H-OFFH). 
When the direct address 
byte is between 


these 
limits 
the 
corresponding 
hardware 
register 
is 


accessed. 
For example. 
Ports 0 and I are assigned direct 


addresses 
80H and 90H, respectively. 
A complete 
list is 


presented 
in Table 5. Don't 
waste your time trying to 


memorize the addresses in Table 5. Since programs 
using 


absolute addresses for function registers would be difficult 
to write or understand, 
ASM51 allows and understands 


the abbreviations 
listed instead. 


Example 
4-Adding 
Input 
Port Data to Output 
Port 


Data 


Direct addressing 
allows all special-function 
registers in 


the 
8051 to be read. 
written. 
or 
used 
as instruction 


operands. 
In general. 
this is the on'" 
method 
used for 


accessing I/O ports and special-function 
registers. If direct 


addressing 
is used with special-function 
register addresses 


other 
than 
those 
listed, the result of the instruction 
is 


undefined. 


inter 


The 
8048 
does 
not 
have 
or 
need 
any 
generali7ed 
direct 


addressing 
mode. 
since 
there 
are only 
five special 
registers 


(BUS. 
PI. 
P2. PSW. & T) rather 
than 
twenty. 
Instead. 
16 


special 
8048 
opcodes 
control 
output 
bits or read 
or write 


each 
register 
to the 
accumulator. 
These 
functions 
are 
all 


subsumed 
by four 
of the 27 direct 
addressing 
instructions 


of the 8051. 


Register 
Address 
Function 


PO 
KOH" 
POrl 0 


SP 
KIH 
Stack 
Pointer 


DPI. 
K2H 
Data 
Pointer 
(Low) 


DPH 
K3H 
Data 
Pointer 
(High) 


ICO~ 
KKH" 
Timer 
register 


rMOD 
K9H 
Timer 
Mode register 


TI.O 
KAH 
Ti mer 0 Low byte 


11.1 
KIlH 
Timer 
I Low b~te 


rHO 
KCH 
Timer 0 High byte 


rHI 
KDH 
Timer 
I High byte 


1'1 
90H" 
Port 
I 


SCO'\ 
9KH" 
Serial 
Port Control 
regi~ter 


Sill/I-" 
99H 
Serial Port data 
Buffer 


1'2 
OAOH" 
Port 2 


IF 
OAKH" 
Interrupt 
Enable 
regi,ter 


1'3 
OIlOH" 
Port .1 


II' 
OIlKH" 
Interrupt 
Priority 
regi~ter 


I'SW 
ODOH" 
Program 
Status 
Word 


ACC 
OEOH" 
Accumulator 
(direct address) 


II 
OFOH" 
B register 


Register-Indirect 
Addressing 


Ho", 
can 
you 
handle 
variables 
whose 
locations 
in RAM 


arc determined. 
computed. 
or modified 
while 
the program 


is 
running') 
This 
situation 
arises 
when 
manipulating 


se4uential 
memory 
locations. 
indexed 
entries 
within 
tables 


in 
RAM. 
and 
multiple 
precision 
or 
string 
operations. 


Register 
or Direct 
addressing 
cannot 
be used. 
since 
their 


operand 
addresses 
are fixed 
at assembly 
time. 


The 
KOSI solution 
is "register-indirect 
RA M addressing." 
RO and 
R I of each 
register 
bank 
may 
operate 
as 
index 
or 
pointer 
registers. 
their 
contents 
indicating 
an 
address 


into 
RAM. 
The 
internal 
RAM 
location 
so addressed 
is 


the 
actual 
operand 
used. 
The 
least 
significant 
bit of the 


instruction 
opcode 
determines 
which 
register 
is used 
as 


the "pointer" 
(Figure 
12.c). 


In the KOSI assembly 
language. 
register-indirect 
addressing 
is represented 
by a commercial 
"at" 
sign ("@") preceding 


RO. R I. or a symbol 
defined 
by the 
user 
to be e4ual 
to 
RO or R I. 


Example 
5 -Indirect 
Addressing 


. INDAOR 
ADD 
CONTENTS 
OF 
MEMORV 
LOCAl 
JON 


ADDRESSED 
BV 
RECISTER 
1 


TO 
CONTENTS 
OF 
RAM 
LOCATION 


ADDRESSED 
BY 
RECISTEA 
0 


Indirect 
addressing 
on 
the 
8051 
is the 
same 
as 
in 
the 


8048 family. 
except 
that 
all eight 
bits of the pointer 
register 


contents 
are 
significant; 
if the 
contents 
point 
to a non- 


existent 
memory 
location 
(i.e .. an 
address 
greater 
than 


7FH 
on the 8051) the result 
of the instruction 
is undefined. 


(Future 
microcomputers 
based 
on 
the 
MCS-5I'· 
archi- 


tecture 
could 
implement 
additional 
memory 
in 
the 


on-ehip 
RA M 
logical 
address 
space 
at .locations 
above 


7FH.) 
The 
8051 
uses 
register-indirect 
addressing 
for 
five 


new instructions 
plus 
the 
13 on the 8048. 


Immediate 
Addressing 


When 
a source 
operand 
is a constant 
rather 
than 
a vari- 


able 
(i.e. -the 
instruction 
uses a value 
known 
at assembly 


time). 
then 
the 
constant 
can 
be 
incorporated 
into 
the 


instruction. 
An 
additional 
instruction 
byte 
specifies 
the 


value 
used 
(Figure 
12.d). 


The 
value 
used 
is fixed 
at the time 
of ROM 
manufacture 


or EPROM 
programming 
and 
may 
not 
be altered 
during 


program 
execution. 
In the 
assembly 
language 
immediate 


operands 
are 
preceded 
by 
a 
number 
sign 
("jj"). 
The 
operand 
may 
be 
either 
a 
numeric 
string. 
a 
symbolic 


variable. 
or an arithmetic 
expression 
using 
constants. 


6-Adding 
Constants 
Using 
Immediate 


Addressing 


The 
preceding 
example 
was 
included 
for 
consistency; 
it 


has little 
practical 
value. 
Instead. 
ASMSI 
could 
compute 


the sum 
of two 
constants 
at assembly 
time. 


Example 
7 -Adding 
Constants 
Using 
ASMSI 


Capabilities 


b.) Direct Addressing' 
I : : :ooc:o.o : 
: 
: II : : .;~OCI ~•• ,~..: 
: 


c.) Register-indirect 
Addressing; 


1::+c+::O 


d.} Immediate Addressing: 
I : : ;ao+.o: 
: 
: IC=: +: : : 


inter 


The above examples all demonstrated 
the use of the four 


data-addressing 
modes 
in 
two-operand 
instructions 


(MOV, 
ADD) 
which 
use 
the 
accumulator 
as 
one 


operand. 
The operations 
ADDC 
SUBS, 
ANL. ORL. 


and XRL (all to be discussed later) could be substituted 
for ADD in each example. 
The first three modes mav be 


also be used for the XCH operation 
or. in combination 


with the Immediate 
Addressing 
mode (and an additional 


byte). 
loaded 
with 
a 
constant. 
The 
one-operand 


instructions 
INC and DEC 
DJNZ, 
and CJNE 
mav all 


operate on the accumulator. 
or may specify the Regi·ster. 


Direct. 
and 
Register-indirect 
addressing 
modes. 
Exception: 
as 
in 
the 
8048, 
DJNZ 
cannot 
use 
the 


accumulator 
or indirect 
addressing. 
(The 
PUSH 
and 


POP 
operations 
cannot 
inherently 
address 
the 


accumulator 
as a special 
register 
either. 
Howe"er. 
all 


three can dir('cth address the accumulator 
as one of the 


twenty special-function 
registers by putting 
the svmbol 


"ACe in the operand field.) 
. 


I.ike 
mmt 
assembly 
or 
higher-Ie,el 
programming 


languages. 
ASM51 allows instructions 
or "ariables 
to be 


gi, en appropriate. 
user-defined 
symbolic names. This is 


done for instruction 
lines by putting a label followed b" a 


colon (":") before the instruction 
proper. 
as in thc ab,;"e 


examples. 
Such symbols 
must start 
with an alphabetic 


character 
(remember 
what 
distinguished 
BACH 
from 


OBACH?). and may include any combination 
of letters. 
numbers. 4uestion marks ('"") and underscores 
("_"). For 


"cr) long names only the first J I characters arc rele,ant. 


Assembly language 
programs 
may intermix 
upper- and 


lower-case 
letters arbitrarily. 
but ASM51 com'erts 
both 


to 
upper-case. 
For 
example, 
ASM51 
will 
internall" 


proccss an "I" for an "i" and. of course. "A_TOOTH" 
f;r 


"a_tooth." 


The underscore 
character 
makes symbols easier to read 


and can eliminate 
potential ambiguity 
(as in the label for 


a 
subroutine 
to 
switch 
two 
entires 
on 
a 
stack. 
"S_EXCHANGE"). 
The underscore 
is significant. 
and 


would distinguish 
between otherwise-identical 
character 


strings. 


AS M51 allows all variables (registers. 
ports. internal 
or 


external 
RAM addresses. 
constants. 
etc.) to be assigned 


labels according 
to these rules with the EQUate or SET 


din:cti\c~. 


Example 
8 
Symbolic 
Addressing 
of Variables 


Defined as RAM 
Locations 


Notice from Table 4 that the MCS-51'· 
instruction 
set has 


relatively few instruction 
mnemonics 
(abbreviations) 
for 


the programmer 
to memori,e. 
Different 
data 
types or 


adciressing 
modes 
are 
determined 
by 
the 
operands 
specified, 
rather than variations 
on the mnemonic. 
For 


eumple. 
the mnemonic 
"MOV" 
is used by 18 different 


instructions 
to operate on three data types (bit. byte. and 


address). 
The fifteen versions which move bvte variables 


between 
the logical address 
spaces are diagrammed 
in 


Figure 
IJ. Each arrow 
shows the direction 
of transfer 


from source to destination. 


Notice also that for most instructions 
allowing 
register 


addressing 
there 
is a corresponding 
direct 
addressing 


instruction 
and 
,ice 
"ersa. 
This lets the 
programmer 


begin "riting 
8051 programs 
as if (s)he has access to 128 


different 
registers. When the program 
has evoh'ed to the 


point where the programmer 
has a fairlv accurate 
idea 


how often each variable is used. he she ~av allocate the 
working 
registers 
in each bank to the m~st "popular" 


variables. (The assembly cross-reference 
option "ill show 


exactly how often and where each symbol is referenced.) 
If symbolic 
addressing 
is used 
in writing 
the source 


program 
only the lines containing 
the symbol definition 


will need to be changed: 
the assembler 
will produce 
the 


appropriate 
instructions 
e,en 
though 
the 
rest of the 


program 
is left untouched. 
Editing only the first two lines 


of E.xample 
8 will shrink 
the 
six-byte 
code segment 


produced 
in half. 


How are 
instruction 
sets 
"counted"? 
There 
is 


no standard 
practice; 
different 
people 
assess- 


ing the same 
CPU using 
different 
conventions 


may arrive 
at different 
totals. 


Each operation 
is then broken 
down according 


to the 
different 
addressing 
modes 
(or com- 


binations 
of addressing 
modes) 
it can accom- 


modate. 
The "CLR" mnemonic 
is used 
by two 


instructions 
with respect 
to bit variables 
("CLR 


C" and 
"CLR 
bit") 
and 
once 
("CLR 
A") with 


regards 
to bytes. 
This expansion 
yields the 111 


separate 
instructions 
of Table 
4. 


The method 
used 
for the MCS-51t'J instruction 


set 
first 
breaks 
it down 
into 
"operations": 
a 


basic function 
applied 
to a single 
data type. For 


example, 
the four versions 
of the ADD instruc- 


tion 
are 
grouped 
to 
form 
one 
operation 
- 


addition 
of eight-bit 
variables. 
The six forms 
of 


the ANL instruction 
for byte variables 
make up 


a different 
operation; 
the 
two 
forms 
of ANL 


which 
operate 
on 
bits 
are 
considered 
still 


another. 
The MOV mnemonic 
is used 
by three 


different 
operation 
classes, 
depending 
on 


whether 
bit, byte, or 16-bit values 
are affected. 


Using 
this 
terminology 
the 8051 can perform 


51 different 
operations. 


inter 


Example 
9 - 
Redeclaring 
Example 
8 Symbols 
as 
Registers 


Arithmetic Instruction Usage - 
ADD, ADDe, 
SUBB 


and DA 


The 
ADD 
instruction 
adds 
a byte variable 
with the 


accumulator. 
leaving the result in the accumulator. 
The 


carr~ flag is set if there is an merflm, 
from bit 7 and 


cleared 
otherwise. 
The AC flag is set to the carry-out 


from bit 3 for use by the DA instruction 
described later. 


ADDC 
adds the previous contents 
of the carry flag ",ith 


the t",o b~te variables. but otherwise is the same as ADD. 


The SUBB (subtract 
with borrow) instruction 
subtracts 


the byte variable 
indicated 
and the contents 
of the carr~ 


flag together 
from the accumulator. 
and puts the result 


back 
in the accumulator. 
The carry 
flag serves as a 


"Borrow 
Required" 
flag during subtraction 
operations: 


"hen 
a greater value is subtracted 
from a lesser value (as 


in subtracting 
5 from 
I) requiring 
a borro", 
into the 


highest 
order 
bit. the carry 
flag is set: other",ise 
it is 


cleared. 


When 
performing 
signed 
binary 
arithmetic. 
certain 


combinatIons 
of input 
variables 
can 
produce 
results 


which seem to violate 
the 
Laws of Mathematics. 
For 


example. 
adding 
7FH (127) to itself produces 
a sum of 


OFEH. ",hlch is the two's complement 
representation 
of 


-2 (refer back to Table 2)' In "normal" 
arithmetic. 
two 
positive values can't have a negative sum. Similarly. 
it js 


normally 
impossible 
to subtract 
a positive value from a 


negative value and leave a positive result 
but in t"o's 


complement 
there 
are 
instances 
where 
this 
too 
may 
happen. 
Fundamentally. 
such anomolies 
occur when the 


magnitude 
of the resulting value is too great to "fit" into 


the seven bits allo"ed 
for it: there is no one-byte 
t",o's 


complement 
representation 
for 254. the true sum of 127 


and 
127. 


The MCS-5I'· 
processors detect whether these situations 


occur and indicate such errors with the OV flag. (OV may 
be tested with the conditional 
jump instructions 
J Band 


JNB. described 
under the Boolean 
Processor 
chapter.) 


At a hardware 
level. OV is set if there is a carry out of bit 6 


but not out of bit 7. or a carry out of bit 7 but not out of 
bit 
6. When 
adding 
signed 
integers 
this 
indicates 
a 


negative 
number 
produced 
as the sum of two positive 


operands. 
or a positive sum from two negative operands: 


on SU BB this indicates a negative result after subtracting 
a negative number 
from a positive number. 
or a positive 


result 
when 
a positive 
number 
is subtracted 
from 
a 


negative 
number. 


The 
ADDC 
and 
SUBB 
instructions 
incorporate 
the 


previous state of the carr~ (borro,,) 
nag to allow multiple 


precision 
calculations 
by repeating 
the operation 
with 


successively 
higher-order 
operand 
bytes. In either case. 


the carry must be cleared before the first iteration. 


If the input data for a multiple precision operation 
is an 


unsigned 
string of integers. 
upon completion 
the carry 


nag will be set if an overflow (for ADDC) 
or underno", 


(for SUBB) occurs. 
With t",o's complement 
signed data 


(i.e.. if the most significant 
bit of the original input data 


indicates the sign of the string). the overflow nag will be 
set if overnow 
or underno", 
occurred. 


Example 
10-String 
Subtraction 
with Signed Overnow 


Detection 


. SUSSTR 
SUBTRAct 
STRiNe 
INDICATED 
BV 
Rl 


FROl't 
ST'UNQ 
INDICATED 
BY 
110 
TO 


PIilECfSION 
INDICATED 
BY 
R2 
CHECI( 
FOR 
51QNEO 
UNDERFLOW 
t./HEN 
DONE 


5U65TR 
CLR 
suesl 
MOV 
5U88 
,",y 


'NC 
'NC 
O.,JNZ 


C 
• BORROW- 
0 


A •• ''0 
A .• 
"1 
. SUBTRACT 
NEXT 
PLACE 


.Ro. '" 
RO 
. BUl'1P 
POINTERS 


R. 
R~. 
SUBS! 
. LOOP 
AS 
NEEDED 


WHEN 
DONE, 
TEST 
IF 
OVERFLOW 
OCCURED 


ON 
L"st 
I TERATION 
OF 
LOOP 


OV 
OV_OK 


(OVCRFLO'o' 
RECOVERY 
ROUT 
lNE 
I 


. RFlU"N 


Decimal addition 
is possible by using the DA instruction 


in conjunction 
",ith ADD and 
or ADDe. 
The eight-bit 


binary value in the accumulator 
resulting from an earlier 


addition 
of two variables (each a packed BCD digit-pair) 


is adjusted to form t"'o BCD digits offour 
bits each. If the 


contents 
of accumulator 
bits 3-0 are greater 
than 
nme 


(xxxx 10IO-xxxx I III). or if the AC nag had been set. six 
is added to the accumulator 
producing 
the proper 
BCD 


digit in the low-order 
nibble. (This addition 
might itself 


set 
but ",ould not clear 
the carry nag.) Ifthecarr~ 


nag is set. or if the four high-order 
bits now exceed nine 


(10 IOxxxx-I III xxxx). these bits are incremented 
by six. 


The carry 
nag 
is left set if originally 
set or if either 


addition 
of six produces 
a carry out of the highest-order 


bit. indicating 
the sum of the original two BCD variables 


is greater 
than or equal to decimal 
100. 


inter 


Example 
II - 
Two 
Byte 
Decimal 
Add 
with 
Registers 
and 
Constants 


BCDAPD 
J10V 


ADD 


DA 
""" 
""" 
ADOC 


DA 


""" 
REl 


••.. A2 


A. e34M 
A 
1t2 .••• 


A. A3 
A •• 
12H 
A 


R3. 
" 


The 
instruction 
"M U LAB" 
multiplies 
the 
unsigned 


eight-bit 
integer 
values 
held 
in the 
accumulator 
and 
B- 


registers. 
The 
low-order 
byte of the sixteen-bit 
product 
is 
left in the accumulator. 
the higher-order 
byte 
in B. If the 


high-order 
eight-bits 
of 
the 
product 
are 
all 
7ero 
the 
overflow 
flag 
is 
cleared; 
otherwise 
it 
is 
set. 
The 


programmer 
can 
poll 
OV 
to 
determine 
when 
the 
B 
register 
is non-7ero 
and 
must 
be processed. 


"DIV 
AB" 
divides 
the 
unsigned 
eight-bit 
integer 
in the 


accumulator 
by the 
unsigned 
eight-bit 
integer 
in the 
B- 
register. 
The 
integer 
part 
of the 4uotient 
is returned 
in the 


accumulator; 
the 
remainder 
in the 
B-register. 
If the 
B- 
register 
originally 
contained 
DOH then 
the 
overflow 
flag 


will 
be 
set 
to 
indicate 
a division 
error. 
and 
the 
values 
returned 
will 
be undefined. 
Otherwise 
OV 
is cleared. 


The 
divide 
instruction 
is also 
useful 
for purposes 
such 
as 
radix 
conversion 
or 
separating 
bit 
fields 
of 
the 


accumulator. 
A short 
subroutine 
can convert 
an eight-bit 


unsigned 
binary 
integer 
in the accumulator 
(between 
0 & 


255) to a three-digit 
(two 
byte) 
BCD 
representation. 
The 
hundred's 
digit 
is returned 
in one 
register 
(HUND) 
and 
the 
ten's 
and 
one's 
digits 
returned 
as 
packed 
BCD 
in 


another 
(TENON 
E). 


Example 
12 - 
Use 
of DIV 
Instruction 
for 
Radix 


Conversion 


. DINDeD 
CONVERT 
8-BIT 
BIN""'" 
YAAIABLE. 


TO 
3-0rGrr 
PACI',ED 
BCD 
FOR"' •••T 


HUNDREDS' 
PLACE 
LEFT 
IN 
VARIABLE 
'HUNO', 
TENS' 
AND 
ONES' 
PLACES 
IN 
. r~NONE' 


HUNO 
EGU 
21M 
TENON£ 
EGU 
22M 


S, .100 


AD 


HUND. 
'" 
A. _10 


A. 
D 


AD 


· DIVIDE 
REMAINDER 
BV 
10 
TO 


· DETERI'lINE 
• 
OF 
TENS 
LEFT 


· TENS 
OI(;IT 
IN 
Ace. 
REMAINDER 
IS 
ONES 


, DIGIT 


The divide 
instruction 
can also separate 
eight 
bits of data 


in the 
accumulator 
into 
sub-fields. 
For 
example. 
packed 


BCD 
data 
may 
be separated 
into 
two 
nibbles 
by dividing 


the data 
by 16. leaving 
the high-nibble 
in the accumulator 


and 
the low-order 
nibble 
(remainder) 
in B. The two digits 
may 
then 
be operated 
on indi, 
idually 
or in conjunction 


with 
each 
other. 
This 
example 
receives 
two 
packed 
BCD 


digits 
in the accumulator 
and 
returns 
the 
product 
of the 


two 
individual 
digits 
in 
packed 
BCD 
format 
in 
the 


accumulator. 


Example 
13 -Implementing 
a BCD 
Multiply 
Using 


MPY 
and 
DIV 


· DIVIDE 
INPUT 
BV 
It> 


• A 
• 
8 
HOLD 
SEPARATED 
oIGI 
rs 


· lEACH 
IUGHT 
JUSTIFIED 
IN 
REGISTER 
I 


· A 
HOLDS 
PRODUCT 
IN 
BINARY 
FORI1 .•.T 
10 
- 


· '9'9IDECIMALI 
- 
0 
- 
b3Hl 


• DIVIDE 
PRODUCT 
BY 
10 


A 
HOLDS. 
OF 
TENS. 
B 
HOLDS 
REI'1AINDEA 


S.UO 


AD 


A 


A. 
D 


Logical Byte Operations - 
ANL, ORL, XRL 


The 
instructions 
ANL. 
ORL. 
and 
XRL 
perform 
the 


logical 
functions 
AN D. OR. 
and lor Exclusive-OR 
on the 


two 
byte 
variables 
indicated. 
leaving 
the 
results 
in the 


first. 
No flags are affected. 
(A word 
to the wise 
do not 


vocali7e 
the 
first 
two 
mnemonics 
in mixed 
company.) 


These 
operations 
may 
use all the same 
addressing 
modes 


as the arithmetics 
(ADD. 
etc.) 
but unlike 
the arithmetics. 


they 
are 
not 
restricted 
to operating 
on the 
accumulator. 


Directly 
addressed 
bytes 
may 
be used 
as the destination 


with 
either 
the accumulator 
or a constant 
as the 
source. 


These 
instructions 
are 
useful 
for clearing 
(A N L), selling 


(ORL), 
or complementing 
(XRL) 
one 
or 
more 
bits 
in a 


RAM. 
output 
ports, 
or control 
registers. 
The 
pallern 
of 


bits 
to 
be affected 
is indicated 
by a suitable 
mask 
byte. 


Use immediate 
addressing 
when 
the pallern 
to be affected 


is 
known 
at 
assembly 
time 
(Figure 
14); 
use 
the 


accumulator 
versions 
when 
the 
pall ern 
is computed 
at 


run-time. 


I 0 ports 
are often 
used for parallel 
data 
in formats 
other 


than 
simple 
eight-bit 
bytes. 
For 
example, 
the 
low-order 


five 
bits 
of 
port 
I may 
output 
an 
alphabetic 
character 


code 
(hopefully) 
without 
disturbing 
bits 7-5. This can 
be a 


simple 
two-step 
process. 
First. 
clear 
the 
low-order 
five 


pins 
with 
an ANL 
instruction; 
then 
set those 
pins 
corres- 


ponding 
to 
ones 
in 
the 
accumulator. 
(This 
example 


assumes 
the three 
high-order 
bits of the accumulator 
are 


originally 
7ero.) 


Example 
14 - 
Reconfiguring 
Port 
Size 
with 
Logical 


Byte 
Instructions 


___ 
._OC_O_"__ 
~II 
dIrect address 
1_1__ 
m_'_'_k __ 
~ 


" 


Figure 14. Instruction Pallem for Logical Operation 


Special Addressing Modes 


In this 
example, 
low-order 
bits remaining 
high may 


"glitch" low for one machine cycle, If this is undesirable, 
use a slightly 
different 
approach. 
First. 
set all pins 


corresponding 
to accumulator 
one bits, then clear the 


pins corresponding 
to zeroes in low-order 
accumulator 


bits. Not all bits will change from original to final state at 
the same 
instant. 
but 
no bit makes 
an 
intermediate 


transition. 


Example 
15-Reconfiguring 
I/O Port Size without 


Glitching 


ALT_Pll 
ORL 


ORL 
ANL 
RET 


Program Control - 
Jumps, Calls, Returns 


Whereas 
the 8048 only has a single form of the simple' 


jump 
instruction, 
the 8051 has three. 
Each causes the 


program to unconditionally 
jump to some other address. 


They 
differ 
in how 
the 
machine 
code 
represents 
the 


destination 
address. 


LJMP 
(Long Jump) encodes a sixteen-bit 
address in the 


second 
and 
third 
instruction 
bytes (Figure 
15.a); the 
destination 
may be anywhere in the 64 Kilobyte program 


memory 
address 
space. 


The 
two-byte 
AJMP 
(Absolute 
Jump) 
instruction 


encodes its destination 
",sing the same format as the 8048: 


addl ess bits 10 through 
8 form a three bit field in the 


opcode and address bits 7through 
0 form the second byte 


(Figure 
15.b). Address bits 15-12 are unchanged 
from the 


(incremented) 
contents 
of the P.c., so AJM Pcan only be 


used when the destination 
is known to be within 
the same 


2K memory block. (Otherwise 
ASM51 will point out the 


erroL) 


A different 
two-byte 
jump instruction 
is legal with any 
nearby 
destination. 
regardless 
of 
memory 
block 


boundaries 
or "pages." 
SJ M P (Short .lump) encodes the 


destination 
with a program 
counter-relative 
address 
in 


the second 
byte (Figure 
15.c). The CPU calculates 
the 


a.1 Long Jump (LJMP addr16): 


opcode 
II 
addr15 - 
addr8 
II 
addr7 
- 
addrO 


b.) Absolute Jump (AJMP addr11): 
EB 
: +co+ 
: 11~__'_d_d'_7_-_'_dd_"' 
_ 


I : : >+< : : 11~_,·,ati'._O""_' ~ 


Figure 15. Jump Instruction Machine Code 


Formats 


destination 
at run-time 
by adding 
the signed eight-bit 


displacement 
value to the 
incremented 
P.c. 
Negative 


offset values will cause jumps up to 128bytes backwards: 
positive 
values up to 127 bytes forwards. 
(SJ M P with 


OOH in the machine code offset byte will proceed with the 
following 
instruction). 


In keeping 
with the 8051 assembly 
language 
goal of 


minimizing 
the number of instruction 
mnemonics. 
there 


is a "generic" 
form 
of the 
three 
jump 
instructions. 


ASM51 
recogni7es 
the mnemonic 
.IMP as a "pseudo- 


instruction." 
translating 
it into the machine instructions 


I.J M P. AJ M P. or SJ M P. depending 
on the destination 


address. 


Like SJ M P, all conditional 
jump instructions 
use relative 


addressing. 
JZ (.lump 
if Zero) and JNZ (Jump 
if Not 


Zero) monitor 
the state of the accumulator 
as implied by 


their names, while JC (Jump on Carry) and .INC (Jump 
on No Carry) test whether or not the carry flag is set. All 
four are two-byte 
instructions. 
with the same format as 


Figure 15.c. JB(Jumpon 
Bit).JNB(Jumpon 
No Bit)and 


JBC (Jump on Bit then Clear Bit) can test any status bit 
or input pin with a three byte instruction: 
the second byte 


specifies which bit to test and the third gives the relative 
offset value. 


There 
are 
two 
subroutine-call 
instructions. 
LC AI.L 


(Long 
Call) 
and 
ACALL 
(Absolute 
Call). 
Each 


increments 
the P.c. 
to the first byte of the following 


instruction. 
then pushes it onto the stack (low byte first). 


Saving both bytes increments 
the stack pointer 
by two. 


The subroutine's 
starting 
address is encoded 
in the same 


ways as LJ M P and AJ M P. The generic form of the call 
operation 
is the mnemonic 
CALL. 
which ASM51 
will 


translate 
into LCALL 
or ACALL 
as appropriate. 


The return instruction 
RET pops the high- and low-order 


bytes of the program 
counter successively from the stack. 


decrementing 
the 
stack 
pointer 
by 
two. 
Program 


execution 
continues at the address previously pushed: the 


first byte of the instruction 
immediately 
following 
the 


call. 


When 
an interrupt 
re4uest 
is recogni7.ed by the 8051 


hardware. 
two 
things 
happen. 
Program 
control 
is 


automatically 
"vectored" 
to one of the interrupt 
service 


routine 
starting 
addresses 
by. in effect. forcing the CPU 


to process 
an LCALL 
instead 
of the next instruction. 


This automatically 
stores the return address on the stack. 


(Unlike the 8048. no status information 
is automatically 


saved.) 


Secondly, 
the interrupt 
logic is disabled from accepting 


any other 
interrupts 
from the same or lower priority. 


After completing 
the interrupt 
service routine. executing 


an RETI (Return 
from Interrupt) 
instruction 
will return 


execution 
to the point where the background 
program 


was interrupted 
-- just like RET - 
while restoring 
the 


interrupt 
logic to its previous 
state. 


inter 


Operate-and-branch Instructions - 
CJNE, DJNZ 


Two groups 
of instructions 
combine 
a byte operation 


with a conditional 
jump 
based on the results. 


CJNE (Compare 
and Jump if Not Equal) compares 
two 


byte operands 
and executes a jump if they disagree. The 


carry nag is set following the rules for subtraction: 
if the 


unsigned 
integer value of the first operand 
is less than 


that 
of the 
second 
it is set; otherwise, 
it is cleared. 


However, 
neither operand 
is modified. 


The 
CJNE 
instruction 
provides, 
in 
effect, 
a 
one- 


instruction 
"case" 
statement. 
This instruction 
may be 


executed 
repeatedly, 
comparing 
the code variable to a list 


of "special case" value: the code segment following 
the 


instruction 
(up to the destination 
label) will be executed 


only if the operands 
match. Comparing 
the accumulator 


or a register to a series of constants 
is a convenient 
way to 


check for special handling or error conditions; 
if none of 


the cases match the program will continue with "normal" 
processing. 


A typical 
example 
might 
be a word processing 
device 


which receives ASCII characters 
through 
the serial port 


and 
drives 
a thermal 
hard-copy 
printer. 
A standard 


routine 
translates 
"printing" 
characters 
to bit patterns, 
but control 
characters 
«DEL>. 
<CR>. <I.F>. 
<BEL>. 


<ESC>. 
or <SP» 
must invoke corresponding 
special 


routines. 
Any other character 
with an ASCII 
code less 
than 
20H should 
be translated 
into the<NUL>value, 


OOH, and processed 
"ith 
the printing 
characters. 


Example 
16-Case 
Statements 
Using CJNE 


,CHARACTER 
CODE 
VAR 
IAaLE 
CHAR 
EOU 


C.JNE 


OET 


INTP 
_I 
C,JNE 


on 
INTP 
_2. 
CoJ" 


on 
IN1P -3 
C..JNE 


OET 
INT" -4 
CJNE 


OET 


INTP -' 
CJNE 


on 
INTP -- 


oJC 


"OV 


PRINTC 
. .IVf"IP 
IF 
CODE 
)' 
~OH 


CHAR.O 
REPLACE 
CONTROL 
CHARACTERS 
WITH 


. 
NULL 
CCoE 


PROCESS 
STAhiDARO 
PHINTING 


CHARACTER 


DJNZ 
(Decrement 
and Jump 
if Not Zero) decrements 


the register or direct address 
indicated 
and jumps 
if the 


result 
is not 
7ero, 
without 
affecting 
any 
nags. 
This 


provides a simple meam for executing 
a program 
loop a 


given number 
of times, or for adding 
a moderate 
time 


delay 
(from 
2 to 512 machine 
cycles) 
with 
a single 


instruction. 
For example, 
a 99-usec. soft "are delay loop 


can be added 
to code forcing an I 0 pin low "Ilh 
only 


two lOStructions. 


eLR 
\.IR 


r1011 
R2 .• 
4';' 


DJNZ 
R&,•• 


SETa 
WA 


The dollar 
sign in this example 
is a special character 


meaning 
"the address 
of this instruction." 
It is useful in 


eliminating 
instruction 
labels on the same or adjacent 


source 
lines. 
CJNE 
and 
DJNZ 
(like all ,conditional 


jumps) 
use program-counter 
relative addressing 
for the 


destination 
address, 


Stack Operations - 
PUSH, POP 


The PUSH 
instruction 
increments 
the stack pointer 
by 


one, then transfers the contents of the single byte variable 
indicated 
(direct addressing 
only) into the internal 
RAM 


location 
addressed 
by the 
stack 
pointer. 
Conversely, 


POP copies the contents 
of the internal 
RAM location 


addressed 
by the 
stack 
pointer 
to the 
byte 
variable 


indicated, 
then decrements 
the stack pointer 
by one, 


(Stack Addressing 
follows the same rules, and addresses 


the same locations 
as Register-indirect. 
Future 
micro- 


computers 
based on the MCS-51'· 
CPU could have up to 


256 bytes of RAM for the stack,) 


Interrupt 
sers ice routines 
must not change any variable 


or hardware 
registers modified 
by the main program. 
or 


else the 
program 
may not 
resume 
correctly. 
(Such 
a 


change 
might 
look like a spontaneous 
random 
error.) 


Resources 
used 
or 
altered 
b\' 
the 
service 
routine 


(Accumulator. 
PSW, etc.) must be saved and restored to 


their 
previous 
value 
before 
returning 
from the sersice 


routine, 
Pl'SH 
and 
POP 
provide 
an 
efficient 
and 


convenient 
\\ay 
to :-.ave reg.i...•ter !'otates on the ....tack. 


Example 
18- 
Use of the Stack for Status 
Saving on 


Interrupts 


ORQ 
Lac 
T~ 
• RESTORE 
LOC ••••TlON 
COUNTER 


PUSH 
PSW- 


PUSH 
Ace 
SAVE 
ACCUMULAT~ 
(NOTE 
DIRECT 
oIlODAESSINC 


NOTATION) 


PUSH 
B 
. SIllI,IE 
B 
REGISTER 


PUSH 
OPL 
SIllI,IE 
OIllTIll 
POINTER 


PUSH 
DPH 
MQY 
Psw. _Ooooloooa 
. SELECT 
REGISTER 


REST~E 
PSW 
IllNO 
RE-SElECT 
ORIGINIllL 
• 
REG I STER 
BANIlo 
. RETURN 
10 
MAIN 
PROGRAM 
ANO 
ReSTORE 


INTERRUPT 
LO!;JC 


If the 
SP 
register 
held 
IFH 
when 
the 
interrupt 
\"IS 


detected. 
,hen while the service routine 
V"IS 
in progress 


the stack \\ould hold the registers shO\\n in Figure 16:SP 
\\ ould contain 
26H, 


The example 
sho", 
the most general 
situation; 
if the 


sen ice routIne 
doesn't 
alter 
the 
B-register 
and 
data 


pointer, 
for 
example, 
the 
instructions 
say ing 
and 


restoring 
those registers would not be necessary. 


The 
stack 
may 
also 
pass 
parameters 
to 
and 
from 


subroutines, 
The subroutlOe 
can indirectly 
address 
the 


parameters 
deriled 
from 
the 
contents 
of 
tbe 
stack 


pointer. 


inter 


DPH 


DPL 


" 
ACC 


PSW 


PC (HIGH) 


PC (LOW) 


One advantage 
here is simplicity. 
Variables need not be 


allocated 
for 
specific 
parameters. 
a potentially 
large 


number 
of parameters 
may 
be passed. 
and different 


calling 
programs 
may 
use 
different 
techni4ues 
for 


determining 
or handling 
the variables. 


For 
example. 
the 
following 
subroutine 
reads 
out 
a 


parameter 
stored 
on the stack by the calling program. 


uses the low order 
bits to access a local look-up 
table 


holding 
bit patterns 
for driving the coils of a four phase 


stepper 
motor. 
and stores 
the appropriate 
bit pattern 


back in the same position 
on the stack before returning. 


The accumulator 
contents 
are left unchanged. 


Example 
19- 
Passing 
Variable 
Parameters 
to Sub- 


routines 
Using the Stack 


NKTPOS 
/'lOV 


DEe 


DEe 
XC" 


RO.SP 


RO 


RO 


A.IRO 
,READ 
INPUT 
PARAMETE.R 
AND 
SAVE 


ACCUMULATOR 


A. _03H 
. HASK 
ALL 
OUT 
LOlJ-OROER 
TWO 
BITS 
A. e2 
,ALLOW 
FOR 
OFFSET 
FROM 
Move 
TO 
lADLE 
A.I"+PC 
,READ 
LOO •.••-UP 
TABLE 
ENTRV 
A. IRQ 
• PASS 
DACIl. 
TRANSLATED 
VALUE 
AND 
RESTORE 


Ace 


• RETURN 
TO 
BACKQROUND 
PROGRAI"I 


011011118 
. POSITION 
0 
010111119 
,POSITION 
1 


100111119 
,POSITION 
:2 
101011118 
,POSITION 
J 


Rn 


STPTBL 
DB 


DB 


DB 


DB 


The background 
program may reach this subroutine 
with 


several different 
calling se4uences. 
all of which PUSH a 


value before calling the routine and POP the result after. 
A motor 
on Port 
I may be initialized 
by placing 
the 


desired 
position 
(zero) on the stack 
before calling the 


subroutine 
and outputing 
the results directly 
to a port 


afterwards. 


Example 
20 - 
Sending and Receiving Data Parameters 
Via the Stack 


CLR 
A 


PUSH 
Ace 
CALL 
NXTPQS 


POP 
PI 


If the position of the motor is determined 
by the contents 


of variable 
POSM 1 (a byte in internal 
RAM) and the 


position of a second motor on Port 2 is determined 
by the 


data 
input 
to the low-order 
nibble 
of Port 
2. a six- 


instruction 
se4uence could update 
them both. 


Example 
21 - 
Loading 
and Unloading 
Stack Direct 


from I/O 
Ports 


paSMl 
EOU 
" 
PUSH 
POS'" 1 


CALL 
NXTPOS 


POP 
PI 
PUSH 
P, 


CALL 
NXTPOS 


POP 
P< 


Data Pointer and Table Look-up Instructions - 
MOV, INC, MOVC, JMP 


The data pointer can be loaded with a 16-bit value using 
the instruction 
MOV DPTR. 
IIdata 16. The data used is 


stored 
in the second 
and third 
instruction 
bytes. high- 


order byte first. The data pointer is incremented 
by INC 


DPTR. 
A 16-bit increment 
is performed: 
an overflow 


from the low byte will carry into the high-order 
byte. 


Neither 
instruction 
affects any flags. 


The 
MOVC 
(Move 
Constant) 
instructions 
(MOVC 


A.@A+DPTR 
and 
MOVC 
A.@A+PC) 
read 
into 
the 


accumulator 
bytes of data 
from the program 
memory 


logical 
address 
space. 
Both 
use a form 
of 
indexcd 


addressing: 
the 
former 
adds 
the 
unsigned 
eight-bit 


accumulator 
contents 
with the sixteen-bit 
data 
pointer 


register. and uses the resulting 
sum as the address 
from 


which 
the 
byte 
is fetched. 
A sixteen-bit 
addition 
is 


performed: 
a carry-out 
from the low-order eight bits may 


propagate 
through 
higher-order 
bits. but the contents 
of 


the DPTR are not altered. The latter form uses the incre- 
mented 
program 
counter 
as the "base" value instead of 


the DPTR 
(figure 17). Again. neither version affects the 


flags. 


a.) 
Move 
A. 
@ A 
•. PC 
(LOCAL TABLE 
LOOK-UP) 


16-B11 
1 P.C. 


~ACC 


~~~_, 
-_"_rT~1~~~i:I~~RESS 


b.) 
Move 
A.@ A. DPTR 
(GLOBAL TABLE 
LOOK-UP) 
~ 
'_-_-_"_'T~I OPTR 


____ 
I_B_-_"_'T I ACC 


=::::::':_-::":,T=I ~~~i:I~~RESS 


c.) 
JMP.@ A+ DPTR 
(GLOBAL INDIRECT 


JUMP) 


16-BIT 
I DPTR 


~Aec 


Figure 17. Operation of MOVC instructions 


AFN·0150ZA-25 


inter 


Each can be part of a three step sequence to access look- 
up tables in ROM. 
To use the DPTR-relative 
version. 


load the Data Pointer with the starting address of a look- 
up table; 
load the accumulator 
with (or compute) 
the 


index 
of 
the 
entry 
desired; 
and 
execute 
MOVC 


A.@A+DPTR. 
t,Jnlike the similar 
MOVP3 
instructions 


in the 
8048. 
the 
table 
may 
be located 
anywhere 
in 


program 
memory. The data pointer may be loaded" 
ith a 


constant 
for short tables. Or to allow more complicated 


data structures. 
or tables with more than 256 entries. the 


values for DPH and DPL may be computed 
or modified 


with the standard 
arithmetic 
instruct"ion set. 


The 
PC-relative 
version 
has 
the 
advantage 
of 
not 


affecting 
the data 
pointer. 
Again. 
a look-up 
sequence 


takes three steps: load the accumulator 
"ith 
the index: 


compensate 
for the offset from the look-up instruction 
to 
the start 
of the table by adding 
the number 
of bytes 


separating 
them 
to the accumulator; 
then execute 
the 


MOVC A.@A+PC 
instruction. 


Let's look at a non-trivial 
situation" 
here this instruction 


would 
be used. 
Some 
applications 
slOre large 
multi- 


dimensional 
look-up 
tables of dot matrix patterns. 
non- 
linear calibration 
parameters. 
and '0 on in a linear (one- 


dimensionall) 
vector 
in program 
memory. 
To retrieve 


data 
from 
the 
tables. 
variables 
representing 
matrix 


indices must be converted 
to the desired entry's memory 


address. 
For 
a matrix 
of dimensions 
(MDIME'\i 
x 


1\"DIME~) 
starting 
at address 
BASE 
and 
respective 


indices 
INDEXI 
and INDEXJ. 
the address 
of element 
(INDEXI. 
I:-.IDEXJ) is determined 
by the formula. 


Entry Address 
= BASE + (NDIMEN 
x INDEXI) 
+ 


INDEXJ 
The code shown belo" can access any array" 
ith less than 


255 entries (i.e .. an IIx21 arra~ "ith 
231 clements). 
The 


table 
entries 
are defined 
using the Data 
Il~te ("nll") 


directive. 
and "ill 
be contained 
in the a"embl~ 
object 


code as part of the accessing subroutine 
itself. 


Example 
22 - 
Use of M PY and Data 
Pointer 
Instruc- 


tions to Access Entries from a Multi- 
dimensional 
Look-Up 
Table in ROM 


""'TAXI 
LOAD 
CONSTANT 
READ 
FROI'I 
TIoIO 
DIMENSION 
.••.L 
LOOK-UP 


TABLE 
IN 
PROClRA/'I 
"Ef'l0RY 
INTO 
,tt,CCU"ULATQR 
USJNQ 
LOCAL 
TABLE 
LOOM.-UP 
INSTRUCTION 
l"Iove 
A 
eA+Pl 


THE 
TOTAL 
NlmBER 
OF 
TABLE 
ENTRIES 
IS 
ASSUr\ED 
TO 
BE 
SMALL. 
I 
E 
LESS 
THAN 
ABOUT 
2~O 
ENTR IES 
l 
TABLE 
USED 
IN 
THIS 
EXAMPLE 
IS 
( 
11 
It 
21 
l 


DESIRED 
ENTRY 
ADDRESS 
15 
CIVEN 
BY 
THE 
FORMULA, 
e 
lBASE 
ADDRESS) 
.•. 
(~l 
X 
INDEXII 
.•. 
IINDEX,jl 
) 


MAUUt 
MOV 
A. 
INDEX} 
MOV 
S. _;21 


""'- 
.. 
AOD 
A. 
INDEX,,} 


ALLOW 
FOR 
INSTRUCTION 
BYTE 
BETWEEN 
.. ,.,OI,lC~ 
AND 
ENTRy 
10.01 
INe 
III 
I10ve 
A, ,,,, .•.PC 


Rn 


BASEl 
DB 
. (l'ntry 
0,01 
DB 
. (.ntl"y 
0 
I) 


D' 
21 
• (l'ntrli 
0.20) 
D' 
22 
.l.ntrli 
t. 
OJ 


D' 
.ll'ntry 


D' 
231 
ll.ntry 
10.201 


There 
are 
several 
different 
means 
for 
branching 
to 


sections of code determined 
or selected at run time. (The 


single 
destination 
addresses 
incorporated 
into 


conditional 
and 
unconditional 
jumps 
are. 
of course. 


determined 
at assembly 
time). Each has ad\'antages 
for 


different 
applications. 


The most common 
is an !"-"ay 
conditional 
jump based 
on some \ariable. 
"ith 
all of the potential 
destinations 


known 
at assembly 
time. 
One of a number 
of small 


routines 
is selected according 
to the value of an index 


variable 
determined 
while the program 
is running. 
The 


most 
efficient 
way to solve this problem 
is \\ ith the 


MOVC and an indirect jump 
instruction. 
using a short 


table of one byte offset \alues 
in ROM to indicate 
the 


relati\e 
starting 
addresses 
of the se\eral 
routines. 


J M P @A+DPTR 
is an instruction" 
hieh performs 
an 


indirect jump to an address determined 
during 
program 


execution. 
The instruction 
adds the eight-bit 
unsigned 
accumulator 
contents 
with the contents 
of the sixtcen-hit 


data 
pointer. 
just 
like 
MOVC 
A.@A+DPTR. 
The 


resulting 
sum is loaded into the program 
counter 
and is 


used as the address 
for subsequent 
instruction 
fetches. 


Again. a sixteen-bit 
addition 
is performed: 
a carry out 


from the lo,,-order 
eight bits may propagate 
through 
the 


higher-order 
bits. In this casco neithcr the accumulator 


contents 
nor the data pointer 
is altered. 


The example subroutine 
belo" 
reads a byte of RA Minto 


the 
accumulator 
from 
one 
of four 
alternate 
address 


'paces. 
as 
selected 
by the 
contents 
of the 
\ariable 


MEMSEI.. 
The 
address 
of 
the 
byte 
to 
be read 
is 


determined 
by the contents 
of RO(and optionally 
R I). It 


might find use in a printing 
terminal 
application. 
\\ here 


four differcnt 
model printers all use the same ROM code 


but use different 
types and si/es of buffcr memon 
lor 


different 
speeds and options. 


Example 
23 
N-Way 
Branch and Computed 
Jump 


Instructions 
via JMP 
@ ADPTR 


..JUMP_4 
I10V 
A. MEf1SEL 


P10V 
OPHL 
_.Jf'lPTBL 


Move 
•••• tA+DPTA 


,JrlP 
t"'+OPTA 


,JI1PTBL 
DB 
r1EMSPO-..JMPTBL 


DB 
!'1EMSPI-..JMPTBL 
DB 
I'£MSP2-..JI1PTBL 


DB 
MEMSP3-,JI'IPTBL 


I'1EMSPO 
MOV 
A .• 
AO 
. AEAD 
FROM 
I NTEANAL 
RAM 


RET 
MOV_ 
. READ 
FROM 
2~6 
B'fTES 
OF 
EKTERNAL 
RAM 


RET 
MEMSP2 
MOV 
DPL. 
RO 


I"tOV 
OPH, 
Al 


1'10V}( 
A, tDPTA 
,AEAD 
FAO/'l 
641'1 
BYTES 
OF 
EXTERNAl 


RET 


MEMSP3 
MOV 
•••, At 


A 
A. _071'1 
ANL 
PI 
_llllloo0B 


OAL 
PI. 
A 


MOVX 
A. tAD 
,READ 
FAOM 
41( 
BYTES 
OF 
e.TEANAL 
HAM 


RET 


Note that this approach 
is suitable whencver the si/c of 


jump table plus the length of the alternate 
routincs is less 


than 
256 bytes. The jump 
table and 
routines 
ma~ be 


located 
anywhere 
in program 
memory. 
independent 
01 


256-byte program 
memor~ 
pages. 


inter 


For 
applications 
where 
up 
to 
12g destinations 
must 
be 


selected. 
all 
of 
"hich 
reside 
in 
the 
same 
2K 
page 
of 


program 
memory" 
hich 
may 
be reached 
b~ the two-byte 


absolute 
jump 
instructions. 
the following 
techni4ue 
may 


be 
used. 
In 
the 
above 
mentioned 
printing 
terminal 


example. 
this 
se4uence 
could 
"parse" 
12g different 
codes 


for 
ASCII 
characters 
arriving 
via the 
g051 serial 
port. 


Example 
24 - 
N- Way 
Branch 
with 
128 Optional 


Destinations 


OPTION 
EOU 


MOY 


RC 


MOY 


"MP 


INSTBL 
••••Jr1P 


AJI"lP 
"""" 


",,,IMP 


AJI'lP 


.•.. OPTION 
" 
DPTR, 
_INSTBl 
•.•• ·OPTR 


The 
destinations 
in 
the 
jump 
table 
(PROCOo- 


PROC7F) 
are not all nece"arily 
uni4ue 
routines. 
A large 
number 
of special 
control 
codes 
could 
each 
be processed 


with 
their 
own 
uni4ue 
routine, 
with 
the 
remaining 


printing 
characters 
all 
causing 
a branch 
to 
a common 


rouline 
for entering 
the character 
into 
the output4ueue. 


In 
those 
rare 
situations 
where 
even 
12g 
options 
are 


insufficient, 
or" 
here the destination 
routines 
may cross 
a 


2K page 
boundary. 
the above 
approach 
may be modified 


slightly 
as shown 
below. 


Example 
25 - 
256- Way 
Branch 
Using 
Address 
Look- 


Up Tables 


.,lMP;!5b 
MoV 
DP1R .• ADRTOL 
FIRST 
ENTRY 
IN 
TADLE 
OF 
ADDRESSE5 
"'all 
Ill, OPT 
JON 


eLR 
C 


RLe 
A 
,MULTIPLY 
BY;: 
FOR 
:2 
0'1'11:. 
JUMP 
TAI1LE 


"INC 
LDW I 01'8 
INe 
DPr-t 
LClJ\;:S 
MOV 
RTEMP, 
'" 
• SAVE 
Ace 
FOR 
HIGH 
BYTE 
READ 
..,ove 
A 
."'.DPTR 
. READ 
LOW 
BYTE 
FROM 
,JUMP 
T~DLE 


xC"". 
A, RTEI'tP 
INe 
A 
MOve 
"",I!A.OPTFl 
,GET 
LOIol-OFlOER 
BYTE 
FROM 
TADLE" 
PUSH 
Ace 
l'1OV 
A. RTfMP 


/"IQve 
olI•••••• 
OPTR 
GET 
•..•IGH-ORDER 
OyTE 
FROM 
TADLE" 


PUSH 
Ace 


THE 
TWO 
Ace 
PUSHES 
HAVE 
PRODUCED 


A 
"RET~N 
ADDRESS" 
ON 
THE 
STACIli 
WHICH 
CORRESPONDS 
TO 
THE 
DESIRED 
STARTING 
ADDRESS 


IT 
MAY 
8E 
REACHED 
BY 
POPPING 
THE 
STACIl. 


INTO 
THE 
PC 
RET 


PROCOO 
Nap 
PROCOI 
NOP 
PROCO;o 
Nap 
PROC7E 
Nap 
PROC7F 
NOP 
PROCFF 
NaP 


4. BOOLEAN PROCESSING 
INSTRUCTIONS 


The 
commonly 
accepted 
terms 
for tasks 
at either 
end 
of 


the 
computational 
vs. control 
application 
spectrum 
arc. 


respectively. 
"number-crunching" 
and 
"bit-banging". 


Prior 
to the 
introduction 
of the 
MCS-51'· 
family, 
nice 


number-crunchers 
made 
bad 
bit-bangers 
and 
vice versa. 


The 
g051 
is 
the 
industry's 
first 
single-chip 
micro- 


computer 
designed 
to crunch 
and bang. 
(In some 
circles, 


the 
latter 
techni4ue 
is also 
referred 
to as "bit-twiddling". 


Eit her 
is correct.) 


Direct Bit Addressing 


A number 
of instructions 
operate 
on 
Boolean 
(one-bit) 


variables, 
using 
a direct 
bit addressing 
mode 
comparable 


to direct 
byte addressing. 
An additional 
byte appended 
to 


the 
opcode 
specifies 
the 
Boolean 
variable, 
I 0 pin, 
or 


control 
bit 
used. 
The 
slate 
of any 
of these 
bits 
may 
be 


tested 
for 
"true" 
or "false" 
with 
the 
conditional 
branch 


instructions 
JB 
(Jump 
on 
Bit) and 
JNB 
(Jump 
on 
Not 


Bit). 
The 
JBC 
(Jump 
on 
Bit 
and 
Clear) 
instruction 


combines 
a test-for-true 
with 
an 
unconditional 
clear. 


As 
in direct 
byte 
addressing, 
bit 
7 of the 
address 
byte 


S\l itches 
between 
two 
physical 
address 
spaces. 
Yalues 


bet"een 
0 and 
127 (00H-7FH) 
define 
bits 
in 
internal 


RA M locations 
20H 
to 2FH 
(Figure 
Igal: addrcss 
bytes 


between 
12g and 
255 (gOH-OFFH) 
define 
bits 
in the 
2 x 


"special-function" 
rcgister 
address 
space 
(Figure 
Igb). 
If 


no 
2 x 
"special-function" 
register 
corresponds 
to 
thc 


direct 
bit 
address 
used 
the 
result 
of 
the 
instruction 
is 


undcfined. 


Bits so addressed 
have 
many 
wondrous 
properties. 
They 


may 
be set. cleared, 
or complemented 
with 
the 
t\lO 
byte 


instructions 
SETB. 
CLR. 
or CPL. 
Bits may 
be moved 
to 


and 
from 
the carry 
flag with 
MOY. 
The 
logical 
ANL 
and 


OR L functions 
may 
be performed 
between 
the carry 
and 


either 
the 
addressed 
bit or 
its complement. 


Bit Manipulation Instructions - 
MOV 


The 
"MOY" 
mnemonic 
can 
be 
used 
to 
load 
an 


addressable 
bit 
into 
the carry 
flag ("MOY 
C. bit") 
or to 


copy 
the state 
of the carry 
to such 
a bit ("MOY 
bit. C"). 


These 
instructions 
are often 
used 
for implementing 
serial 


I 0 algorithms 
via soft\lare 
or to adapt 
the standard 
I 0 


port 
structure. 


It is sometimes 
desirable 
(0 "re-·arrangc" 
the ordcrof 
I 0 


pins 
bccausc 
of 
considcrations 
in 
laying 
out 
printcd 


circuit 
boards. 
When 
intcrfacing 
thc 
g051 
to 
an 


immediatel~ 
adjaccnt 
de\ice 
"ith 
""cightcd" 
input 
pins. 


such 
as keyboard 
column 
decoder. 
the 
corresponding 


pins 
are 
likely 
to 
be not 
aligned 
(Figure 
19). 


There 
is a trade-off 
in "scrambling" 
the interconnections 


with 
either 
interwoven 
circuit 
board 
traces 
or 
through 


software. 
This 
is 
extremely 
cumbcrsome 
(if 
nol 


impossible) 
to 
do 
"ith 
byte-oriented 
computer 


architectures. 
The 
8051's 
unique 
set 
of 
Boolean 


instructions 
makes 
it simple 
to 
move 
individual 
bits 


between 
arbitrary 
locations. 


a.) 
RAM BIt AcIche •••. 


RA" 
•YTE 
("sa • 
1 


(L'•• 
1 


7F 
7E 
7D 
7C 
7B 
7A 
70 
71 


77 
71 
75 
74 
73 
n 
71 
7ll 


IF 
IE 
eo 
Ie 
•• 
6A 
II 
•• 


17 
16 
15 
I< 
13 
12 
11 
10 


5F 
5E 
50 
5C 
5. 
5A 
51 
51 


57 
51 
•• 
54 
53 
5• 
51 
•• 


4F 
IE 
4D 
4C 
•• 
4A 
41 
•• 


47 
•• 
45 
•• 
43 
4' 
41 
•• 


3F 
3E 
3D 
3C 
3. 
,.. 
31 
,. 


37 
31 
35 
34 
33 
" 


31 
30 


'F 
'E 
2D 
2C 
•• 
'A 
21 
.1 


.7 
21 
.5 
'4 
23 
22 
21 
20 


1F 
1E 
10 
lC 
,. 
1A 
19 
11 


17 
11 
15 
14 
13 
" 


11 
10 


OF 
OE 
GO 
DC 
O. 
OA 
GO 
II 


07 
GO 
05 
•• 
03 
O. 
01 
00 


B.nk 3 


8~1t2 


S.nk 1 


8."kO 


b.) H.,dw.,.. 
R-Vl.ter 
Bit Add' •••••. 


01_ 
Bit Add,.. 
••• 
Hardw ••.• 
•.... 
("'.. 
(L' •• 
Retl ••• , 


Add, ••• 
Symbol 


OFFH 


OFOH 
F7 
FO 
• 


OE••• 
E7 
EO 
ACC 


ODOH 
07 
DO 
P'W 


•• IH 
.1 
'P 


OBOH 
.7 
.0 
P3 


OA8H 
AF 
AI 
'E 


OA", 
A7 
AO 
P2 


•••• 
IF 
•• 
seON 


- 


97 
go 
P1 


"H 
IF 
•• 
TeON 


•••• 
17 
eo 
PO 


ALE 


PSEN 


P2.7 


P2.6 
(L'.) 
AO 


8351 
P2.5 
Al 


8751 


P2.• 
A' 
DECODER 


P2.3 
A3 


P2.2 
A4 
(MSB) 


P2.1 


P2.0 


Figure 
19. "Mismatch" 
Between 
I/O 
port 


Decoder 


OUT_PI 
RRC 
MOV 


RRC 
"OV 
RRC 
"OV 
RRC 
"OV 
RRC 
MOV 
REf 


• MOVE 
ORI~JNAL 
ACC 
0 
INTO 
C'I' 
• STORE 
CARRY 
TO 
PIN 
P;!b 
,r1OVE 
OR1~INAL 
ACC 
1 
INTO 
(.'1' 


,STORE 
CARRY 
TO 
PIN 
P~' 
,""VE 
ORI~INAL 
ACC 
2 
INTO 
CY 
,STORE 
CARRY 
TO 
PIN 
P204 


,I1OVE 
OFlIc;lNAL 
"CC 
J 
INTO 
CY 


• STORE 
C"FlRY 
TO 
I" I N 
"';.'3 
. 


• Move 
ORlc;lNAl 
"CC 
4 
INTO 
CY 


• STORE 
CARRY 
TO 
PIN 
1"22 


· 
1"2 b.C· 
"'2 
,. 
C· 
"'2 
o4.C· 
1"2 
3. C· 
1";0 
2. C 


Virtually 
all hard"are 
designers 
are familiar 
"ith 
the 


rroblem 
of 
soh'ing 
eomr1ex 
functions 
using 


combinatorial 
logic. The technologies 
in\'olwd 
may \ary 


greatly. from multirle 
contact 
relay logic. \acuum 
tubes. 


TTL. or CMOS to more esoteric arrroaches 
like nuidics. 


but 
in each 
case 
the 
goal 
is (he 
same: 
a 
Boolean 


and 
(true 
false) 
function 
is comruted 
on 
a 
number 
or 


Boolean \ ariables. 


inter 


Figure 
20 
shows 
the 
logic 
diagram 
for 
an 
arbitrary 


lunction 
of 
six 
\ariables 
named 
U through 
Z 
using 


standard 
logic 
and 
relay 
logic 
symbols. 
Each 
is a solution 


of the 
e4uation. 


(While 
this 
e4uation 
could 
be reduced 
using 
Karnaugh 


Mars 
or algehraic 
techni4ues. 
that 
is not 
the 
rurrose 
of 


this 
cxamrlc. 
Even 
a 
minor 
change 
to 
the 
function 


e4uation 
would 
re4uire 
re-reducing 
from 
scratch.) 


Most 
digital 
comruters 
can 
solve 
e4uations 
of this 
tyre 


with 
standard 
word-wide 
logical 
instructions 
and 


conditional 
jumrs. 
Still. 
such 
softwarc 
solutions 
seem 


somew 
hat slorry 
hecause 
of the many 
raths 
through 
the 


rrogram 
the 
comrutation 
can 
take. 


Assumc 
LJ'and 
V arc 
inrut 
rins 
being 
read 
bv diffcrent 


inrut 
r0rts. 
Wand 
X arc 
status 
bits 
for two 
rerirhcral 


eontrollcrs 
(read 
as I 0 rorts). 
and 
Y and 
Z are software 


flags 
sct or cleared 
earlier 
in the rrogram. 
The end 
result 


must 
he written 
to an 
out rut 
rin 
on some 
third 
rort. 


For 
the 
sake 
of 
comrarison 
wc 
will 
imrlement 
this 


lunction 
with 
software 
drawn 
from 
three 
rrorcr 
subsets 
ot 
the 
MCS-51" 
instruction 
set. 
The 
"rst 
two 
imrlementations 
follow 
the 
flow 
chart 
show n in Figure 


21. Program 
flo", 
would 
embark 
on a route 
down 
a test- 


and-branch 
tree 
and 
leaves 
either 
the 
"True" 
or 
":'\ot 


I rue" 
exit 
ASAP. 
These 
exits 
then 
\\Cite the out rut 
r0rt 


wit h t he data 
rre\ 
iously 
written 
to t he same 
r0rt 
wit h the 
rc...ult hit rc~pccti\c1y 
one or tern. 


In the first ca:-.c.we assume there arc no in...tructions 
for 


addressing 
indi\ 
idual 
bits other 
than 
srecial 
flap 
likc the 
t'arry. 
Ihi ... j, t~ pical of many older microproccsson, 
and 


mainframe 
computers 
dc...igncd for numher-crunching. 
MCS-51" 
mncmonies 
arc 
used 
herc. 
though 
for 
most 


other 
machines 
thc 
issuc 
would 
bc c\cn 
furthcr 
c10udcd 


by 
their 
use 
01 
orcration-sreeif,c 
mncmonics 
Iikc 


I:V<PUT. OUTPUT. 
LOAD. 
STORE. 
etc .. instead 
ofthc 


uni\crsal 
MOV. 


Figure 
21. Flow 
chart 
for tree-branching 
logic 


implementation 


inter 


Example 
27 -Software 
Solution 
to Logic Function 
of 
Figure 20. Using only Byte- Wide Logical 
Instructions 


. BFUNCI 
SOLVE 
/II, 
"ANDOr1 
LOCJe 
F\JNCTION 
OF 
o!o 


\'/ARIAIlLES 
B'l' 
LOADINQ 
AND 
I'IASKINQ 
THE 
APPROPRIATE 
BITS 
IN 
THE 
ACCUI1ULATOfL 
THEN 
EXECUTINQ 
CONDITIONAL 


.JVI1PS 
BASED 
ON 
ZERO 
CCNCITlON 


(APPROACH 
USED 
BV 
BYTE-ORIENTED 
ARCHITECTURES 
I 


BYTE 
AHD 
"'ASK 
VALUES 
CORRESPOND 
TO 
RESPEC 
T 1 'liE 


aVTE 
ADDRESS 
AHD 
BIT 
POSITION 


TEST'll 
MOV 
ANe 
JNZ 


MOV 
ANe 
JZ 
TESTU 
P1QV 
ANe 
JNZ 


MOV 
ANL 
JZ 
MOV-- 
JZ 
TESTZ 
I'IOV 
ANe 


JZ 
""V 
ANe 
JMP 
SETO 
t10V 
ooe 


OUTO 
110'11 
MOV 


A. P2 
A.•ססoo01008 
TES1U 
A. TeON 


A .• 
OOlOOOOOU 


TESTX 
A. PI 
A. _000000100 


SETO 
A. leON 
A. -ססoo 10008 
TESTl 


A.2OH 
A. _00ססoo018 


SETO 
A.21H 
A. _000000108 


SETO 


A.OUTBUF 


"'.• 
111101110 
OUT. 
A. QUT8UF" 
••..• 000010008 


OUTBUF'. 
A 


P3. 
/II, 


Cumbersome. 
to say the least. and error prone. It would 


be hard to prove the above example 
worked in all cases 


without 
an exhaustive 
test. 


Each 
move/mask/conditional 
jump 
instruction 


sequencc may be replaced by a single bit-test instruction 
thanks to direct bit addressing. 
But the algorithm 
would 


be equally convoluted. 


Example 
28 - 
Software 
Solution 
to Logic Function 
of 
Figure 20. Using only Bit-Test 
Instructions 


.8F"UNC2 
SOLliE 
A 
RANDO" 
LO(OIC 
FUNCTION 
OF 
to 
VARIABLES 
8'1' 
DIRECTLY 
POLLINQ 
EACH 
BIT 


(APPROACH 
USHoIQ 
f'lCS-51 
UNIOue: 
BIT-TEST 


INSTRUCTION 
CAPABILITY 
I 
SY"BOLS 
USED 
IN 
Lo<:IC 
DIAC;AA" 
ASSICNED 
TO 


CORRESPONDINC 
eo:" 
SIT 
AD~ESSES 


PI 
I 


P2 
2 


TFO 
lEI 
20M 
0 
21H 
I 


PJJ 


TEST_V 
,JS 
IN' 


TEST 
U 
,JB 


TEST:X 
JNB 
IN' 


TEST 
l 
.JNB 


CLRji 
CLA 
JMP 
SET 
Q 
SETB 


NUTST 


V, TEST 
U 


W, TEST-X 


U.SETji 
x. TEST_l 
Y,SET_Q 
l,SET_O. 
NITTST 
• 


A more elegant and efficient 8051 implementation 
uses 


the Boolean 
ANL and ORL functions 
to generate 
the 


output 
function 
using 
straight-line 
code. 
These 


instructions 
perform 
the 
corresponding 
logical 


operations 
between 
the 
carry 
flag 
("Boolean 


Accumulator") 
and the addressed 
bit. leaving the result in 


the carry. Alternate 
forms of each instruction 
(specified 


in the assembly language by placing a slash before the bit 
name) use the complement 
of the bit's state as the input 


operand. 


These instructions 
may be "strung together" 
to simulate a 


multiple 
input logic gate. When finished. 
the carry flag 


contains 
the result. which may be moved directly to the 


destination 
or output 
pin. No flow chart is needed 
it is 


simple to code directly from the logic diagrams 
in Figure 


20. 


Example 
29 - 
Software 
Solution 
to Logic Function 
of 


Figure 20. Using the MCS-51 (TM) 
Unique Logical Instructions 
on Boolean 


Variables 


· OUTPUT 
OF 
BOTTOf'I 
AND 
CATE 
· INCLUDE 
VALUE 
SAVED 
ABOVE 


· INCLUDE 
LAST 
INPUT 
VAAIABLE 


,OUTPUT 
CO"PUTEO 
AESUL T 


Simplicity 
itself. Fast. flexible. 
reliable. easy to design. 


and easy to debug. 


The Boolean 
features 
are useful and unique enough 
to 


warrant 
a complete 
Application 
Note 
of their 
own. 


Additional 
uses and ideas are presented 
in Application 


Note 
A P-70. 
Using 
the 
Intel' 
MCS-5I' 
Boolean 


Processing 
Capabilities. 
publication 
number 
121519. 


5. ON-CHIP 
PERIPHERAL FUNCTION 
OPERATION 
AND INTERFACING 


I/O Ports 


The 
I 0 
port 
versatility 
results 
from 
the 
"quasi- 


bidirectional" 
output 
structure 
depicted 
in Figure 
22. 


(This is effectively the structure 
of ports 
J. 2. and 3 for 


normal 
I 0 operations. 
On port 0 resistor R2 is disabled 
except 
during 
multiplexed 
bus operations. 
prO\iding 


WAITE 
PULSE 
.us 
CYCLE 
TIMING 


Figure 
22. 
Pseudo-bidirectional 
I/O port circuitry 


AFN-01502A-JO 


e"entially 
npen-collector 
output,. 
For 
full 
electrical 


charactemtic, 
,ee 
the 
U,er, 
Manual.) 


An output 
latch 
bit a"ociated 
with each 
pin i, updated 
by 


direct 
addre"ing 
in,tructions 
when 
that 
port 
i, 
the 


de,tination. 
The 
latch 
,tate 
is buffered 
to 
the 
outside 
"orld 
hy 
R I and 
01. 
"hich 
mav 
drive 
a 'tandard 
TTL 


input. 
(In 
TTl. 
terms. 
01 
and 
R I re,emble 
an 
open- 


collcctor 
output 
with 
a pull-up 
re,i,tor 
to 
Vcc.) 


R2 and 
02 
repre,ent 
an "acti,e 
pull-up" 
de, ice enabled 


momcntarily 
"hen 
a 0 pre,iou,ly 
output 
change, 
to a I. 


I hi, "jerk,' 
the output 
pin to a I le,el 
more 
quickly 
than 


the 
pa"i,e 
pull-up. 
imprO\ 
ing 
ri,e-time 
significantlv 
if 


the 
pin 
i, dri, 
ing a capacitive 
load. 
Notc 
that 
the active 


pull-up 
is 
only 
activated 
on 
0-10-1 
tran,itiom 
at 
the 


output 
latch 
(unlike 
the 
X04X. in "hich 
02 
is activated 


w hencs er a 
I i, "ritten 
out). 


Opcration, 
using 
an 
input 
port 
or 
pin 
as 
the 
,ource 
opcrand 
u,e the logic 
level of the pin itself. 
rather 
than 
the 


output 
latch 
contents. 
Thi, 
level 
i, affected 
bv both 
the 
microcomputer 
itself 
and 
whatever 
device 
;he 
pin 
i, 


connected 
to externallv. 
The 
value 
read 
is e"entiall, 
the 
"OR-tied" 
functi;," 
of'O 
I and 
the external 
dc, ice. if the 


external 
dc, ice i, 
high-impedence, 
such 
a, 
a logic 
gate 
Input 
or 
a 
three 
'tate 
output 
in 
the 
third 
state. 
then 


rcading 
a pill will rellectthe 
logic 
Ie, el pre, 
iou,ly 
output. 


louse 
a pIn 
for 
input. 
the 
corre,ponding 
output 
latch 


must 
he sct. 
The external 
de, ice may 
then 
drive 
the 
pin 
"ith 
either 
a high 
or 10" 
logic 
,ignal. 
fhu, 
the same 
port 
ma, 
hc u,ed 
a, 
hoth 
input 
and 
output 
by writing 
one, 
to 
all pins 
uscd a, input' 
on output 
operations. 
and 
ignoring 
all 
pins 
uscd 
a, 
output 
on 
an 
input 
operation. 


In one 
operand 
imtructions 
(lNe. 
DEe. 
DJi\Z 
and 
the 


Boolean 
CPl.) 
the output 
latch 
rather 
than 
the input 
pin 


Ie,el 
is used 
as the 
,ource 
data. 
Similarly. 
t"o 
operand 
in~truction, 
U"'iing 
the 
port 
as 
both 
one 
source 
and 
the 
de,tination 
(ANI.. 
ORl.. 
XRl.) 
u,e 
the 
output 
latche,. 


rhi, 
ensure, 
that 
latch 
hits corresponding 
to pin, 
used as 
inputs 
will not 
heclcared 
in the process 
ofexecuting 
these 


instruct 
ions. 


rhc 
Boolean 
operation 
JBC 
tests 
the 
output 
latch 
bit. 


rather 
than 
the 
input 
pin. 
in deciding 
whether 
or not 
to 
jump. 
l.ikc 
the 
byte-wise 
logical 
operations. 
Boolean 


opcration, 
"hich 
modify 
individual 
pins 
ofa 
port 
lea,e 
the 
other 
hils 
of the 
output 
latch 
unchanged. 


;\ 
good 
example 
of how 
these 
mode, 
may 
play 
together 


may 
he taken 
from 
the ho,t-proce"or 
interface 
expected 
hy an X24J I 0 expander. 
Even 
though 
the X051 doe, 
not 
include 
X04X-type 
instruction, 
for 
interfacing 
with 
an 


X24J, thc part, 
can 
he interconnected 
(Figure 
23) and 
the 
protocol 
may 
he emulated 
"ith 
,imple 
,of marc. 


Example 
30 
Mixing 
Parallel 
Output. 
Input. 
and 


Control 
Strobes 
on 
Port 
2 


rJO~43 IM'l,r 
tHfA 
H"JM 
MI 
e.~·~ 
I 
.~ r.fAf\lOf-R 
COI\lNE( r;:-I) 
TO ~~3-P~~, 


P",'" 
" 
p"1\ 
r1!MIC 
C5 
'"1:1,,,,; 


P~"I-P20 
U<:-ED 
AS 
lNP'JTS 


1',"'1'1' 
T.l 
'11 
RF.:_O 
IN 
"'~ 


" 
_\ 
J01QO<'"""'[' 
I 
A 
OUTPUT 
IN':jTR1)CT1(Jfl 
(Uur 


"4LLlt~C 
EOGE 
rH 
pfolnr • 


•':' .• 
OOOQlllln 
SET 
FO'" 
I Nt" 
• 


Rl~I' 
11\11.')1[jI\T., 


PE rlJl'IN j-k(.V. ,.q .'" 
rf 
C;f1J:(' 
.", 
11 


Serial Port and Timer applications 


Configuring 
the 
X051\ 
Serial 
Port 
for 
a given 
data 
rate 


and 
protocol 
requires 
e"entially 
three 
short 
,ection, 
of 


software. 
On 
power-up 
or hardware 
re,et 
the 
serial 
port 


and 
timer 
control 
word, 
mu,t 
be 
initialited 
to 
the 


appropriate 
,alues. 
Additional 
software 
is a"o 
needed 
in 


the 
tran,mit 
routine 
to load 
the ,erial 
port 
data 
register 


and 
in the receive 
routine 
to unload 
the data 
a, it arrives. 


Thi, 
is be,t 
illu,trated 
through 
an 
arbitrary 
example. 


A"ume 
the 
X051 
"ill 
communicate 
with 
a 
CRT 


operating 
at 2400 
baud 
(bib 
per second). 
Each 
character 


i, transmitted 
as ,e"en 
data 
bits. odd 
parity. 
and one stop 


hit. 
Thi, 
results 
in 
a 
character 
rate 
of 
2400 
10=240 


character> 
per 
second. 


For 
the 
,ake 
of 
clarity. 
the 
transmit 
and 
receive 


,ubroutine, 
are driven 
by simple-minded 
software 
statu, 


polling 
code 
rather 
than 
interrupts. 
(It might 
help 10 refer 


back 
to 
Figure, 
7-9 ,howing 
the control 
word 
formab.) 


The 
serial 
port 
mu,t 
be initiali7ed 
to X-hit 
UART 
mode 


(MO. 
M 1=01). 
enahled 
to 
receive 
all 
message, 
(M2=0. 


REN=I). 
The 
flag 
indicating 
that 
the 
transmit 
register 
i, 


free for more 
data 
will be artificially 
set in order 
to let the 


output 
,oftware 
know 
the 
output 
register 
is a,ailable. 


Thi, 
can 
all he set 
up "ith 
one 
in'truction. 


8351 
8751 


8243 


P2.7 
} INPUTS 
P2.6 


P2.5 
co 


P2.4 
PROG 


P2.3 
'23 


P2.2 
'22 


P2.1 
'21 


P2.0 
.2. 
., 


F.igure 23. Connecting an 8051 with an 8243 


I/O Expander 


inter 


Timer 
I will be used in auto-reload 
mode as a data rate 


generator. 
To achieve a data rate of 2400 baud. the timer 


must divide the 
1 M Hz internal 
clock by 32 x (desired 


data rate): 


I x 
10" 
(32) (2400) 


which 
equals 
13.02 rounded 
down 
to 
13 instruction 


cycles. The timer 
must reload the value -13. or OF3H. 
(ASM51 
will accept 
both the signed decimal 
or hexa- 


decimal 
representations.) 


Example 
32 - 
Initializing Timer Mode and Control 
Bil! 


A simple subroutine 
to transmit the character 
passed to it 


in the accumulator 
must first compute 
the parity 
bit. 


insert it into the data byte. wait until the transmitter 
is 


available. 
output the character. 
and return. This is nearly 


as easy said as done. 


Example 
33 -Code 
for UART Output. 
Adding 
Parity. 


Transmitter 
Loading 


SP _OUT 
MOV 
CPL 


""" 
"NB 
CL" 
NoO 
"ET 


C. P 
C 
Ace 7.e 
TI. 
• 


Tl 


SBUF. 
'" 


A simple 
minded 
routine 
to wait until a character 
is 


received. set the carry nag if there is an odd-parity 
error. 


and return the maskcd seven-bit codc in the accumulator 
is equally short. 


Example 
34 - Code for UA RT Reception 
and Parity 


Verification 


SP _IN 
./NS 
CL" 
NoO 
NoO 
CPL 
PNL 


RET 


RI. 
• 
"' 
A,5BUF 
C. P 


C 
,/1\•• 
7FH 


This 
Application 
Note has described 
the architecture. 


instruction 
set. and on-chip 
peripheral 
features 
of the 


first 
three 
members 
of the 
MCS-5I'o 
microcomputer 


family. The examples 
used throughout 
were admittedly 


(and necessarily) 
very simple. Additional 
examples 
and 


techniques 
may be found in the MCS-51 '0 User's Manual 


and other application 
notes written for the MCS-48,oand 


MCS-51'o families. 


Since its introduction 
in 1977. the MCS-48'o family has 


become 
the 
industry 
standard 
single-chip 


microcomputer. 
The MCS-51 '0 architecture 
expands 
the 


addressing 
capabilities 
and 
instruction 
set 
of 
its 


predecessor 
while ensuring 
nexibility 
for the future. and 


maintaining 
basic software 
compatability 
with the past. 


Designers already 
familiar with the 8048 or 8049 will be 


able to take 
with them 
the education 
and experience 


gained 
from 
past 
designs 
as 
ever-increasing 
system 


performance 
demands 
force them to move on to state-of- 


the-art 
products. 
Newcomer> 
will find the power and 


regularity 
of the 8051 instruction 
set an advantage 
in 


streamlining 
both the learning 
and design processes. 


Microcomputer 
system designers will appreciate 
the 8051 


as basically 
a single-chip 
solution 
to many 
problems 


which 
previously 
required 
board-Ie\el 
computers. 


Designers of real-time control 
systems will find the high 


execution 
speed. 
on-chip 
periphcrals. 
and 
interrupt 


capabilities 
\ ital in meeting 
thc timing 
constraints 
of 


products 
pre\ iousl~ requiring discrete logic designs. And 


dcsigners of industrial 
controllers 
will be able to comert 


ladder 
diagrams 
directly 
from tested-and-true 
TTI. or 


relay-logic designs to microcomputer 
software. thanks to 


the unique 
Boolean 
processing 
capabilities. 


It has not been the intent of this note to gloss mer 
the 


difficulty of designing microcomputer-based 
systems. To 


be sure. the hardware 
and software design aspecls of an~ 


ncw computer 
system arc nontri\ ial tasks. Howe\er. 
the 


system speed and le\el of integration 
of the MCS-51'· 


microcomputers. 
the 
power 
and 
flexibilit\ 
of 
the 


instruction 
set. and the sophisticatcd 
assembler and other 


support 
products 
combine to gi\e both the hard\,arc 
and 


software designer as much of a head start on the problem 
as possible. 


inter 
APPLICATION 
NOTE 


AP-70 


Using the Intel MCS®-51 Boolean 


Processing Capabilities 


JOHN WHARTON 
MICROCONTROLLER 
APPLICATIONS 


inter 


The Intel microcontroller 
family now has three new 


members: the Inte1@8031, 8051, and 8751 single-chip 
microcomputers. These devices, shown in Figure I, will 
allow whole new classes of products to benefit from 
recent advances in Integrated Electronics. Thanks to 
Intel's new HMOS technology, they provide larger pro- 
gram and data memory spaces, more flexible 110 and 
peripheral capabilities, greater speed, and lower system 
cost than any previous-generation single-chip micro- 
computer. 


PI.O 
- 
- vcc 


Pl.l 
- 
- 
PO.O 


P1.2 
- 
- 
PO.1 


PI.3 
- 
- 
PO.2 


Pl .• - 
- 
PO.3 


PI.5 
- 
- 
PO.• 


PI.6 
- 
- 
PO.5 


PI.7 
- 
- 
PO.6 


RST 
- 
- 
PO.7 


P3.0/RXD 
- 
- 
VPP/~ 


P3.lITXD 
- 
- 
Pmm/ALE 


P3.2/iN'TO - 
- 
PSEN 


P3.3/'iNTi 
- 
- 
P2.7 


PH/TO 
- 
- 
P2.6 


P3.5/T1 
- 
- 
P2.5 


P3.6/WR 
- 
- 
P2 .• 


P3.7/RD 
- 
- 
P2.3 


XTAL2 - 
- 
P2.2 


XTAL1 
- 
- 
P2.1 


VSS 
- 
- 
P2.0 


Table I summarizes the quantitative 
differences be- 


tween the members of the MCS@-48and 8051 families. 
The 8751 contains 4K bytes of EPROM program mem- 
ory fabricated on-chip, while the 8051 replaces the 
EPROM 
with 
4K 
bytes 
of 
lower-cost 
mask- 
programmed ROM. The 8031 has no program memory 
on-chip; instead, it accesses up to 64K bytes of program 
memory from external memory. Otherwise, the three 
new family members are identical. Throughout 
this 


Note, the term "8051" will represent all members of the 
8051 Family, unless specifically stated otherwise. 


The CPU in each microcomputer is one of the indus- 
try's fastest and most efficient for numerical calcula- 
tions on byte operands. But controllers often deal with 
bits, not bytes: in the real world, switch contacts can 
only be open or closed, indicators should be either lit or 
dark, motors are either turned on or off, and so forth. 
For such control situations the most significant aspect 
of the MCS@-51architecture is its complete hardware 
support for one-bit, or Boolean 
variables (named in 


honor of Mathematician George Boole) as a separate 
data type. 


The 8051 incorporates a number of special features 
which support the direct manipulation and testing of 
individual bits and allow the use of single-bit variables 
in performing logical operations. Taken together, these 
features are referred to as the MCS-51 Boolean Proces- 
sor. While the bit-processing capabilities alone would be 
adequate to solve many control applications, their true 
power comes when they are used in conjunction with 
the microcomputer's byte-processing and numerical ca- 
pabilities. 


Many concepts embodied by the Boolean Processor will 
certainly be new even to experienced microcomputer 
system designers. The purpose of this Application Note 
is to explain these concepts and show how they are 
used. 


For detailed information on these parts refer to the 
Intel 
Microcontroller 
Handbook, 
order 
number 


210918. The instruction set, assembly language, and use 
of the 8051 assembler (ASM51) are further described in 
the MCS@·51 Macro Assembler User's Guide for DOS 
Systems, order number 122753. 


EPROM 
ROM 
External 
Program 
Data 
Instr. 
Input/ 


Program 
Program 
Program 
Memory 
Memory 
Cycle 
Output 
Interrupt 
Reg. 


Memory 
Memory 
Memory 
(Int/Max) 
(Bytes) 
Time 
Pins 
Sources 
Banks 


8748 
8048 
8035 
1K4K 
64 
2.5 J.Ls 
27 
2 
2 
- 
8049 
8039 
2K4K 
128 
1.36 J.Ls 
27 
2 
2 
8751 
8051 
8031 
4K64K 
128 
1.0 J.Ls 
32 
5 
4 


inter 


2.0 
BOOLEAN 
PROCESSOR 


OPERATION 


The Boolean Processing capabilities of the 8051 are 
based on concepts which have been around for some 
time. Digital computer systems of widely varying de- 
signs all have four functional elements in common (Fig- 
ure 2): 
• a central processor (CPU) with the control, timing, 


and logic circuits needed to execute stored instruc- 
tions: 
• a memory to store the sequence of instructions mak- 


ing up a program or algorithm: 
• data memory to store variables used by the pro- 


gram: 
and 
• some means of communicating 
with the outside 


world. 


The CPU usually includes one or more accumulators or 
special registers for computing or storing values during 
program 
execution. 
The instruction 
set of such a 


processor generally includes, at a minimum, operation 
classes to perform arithmetic or logical functions on 
program variables, move variables from one place to 
~other, 
cause program execution to jump or condi- 


tionally branch based on register or variable states and 
instructions to call and return from subroutines.' The 
program and data memory functions sometimes share a 
single memory space, but this is not always the case. 
When the address spaces are separated, program and 
data memory need not even have the same basic word 
width. 


A digital computer's 
flexibility comes in part from 


combining simple fast operations to produce more com- 


CENTRAL 
PROCESSING 
UNIT 


plex (albeit slower) ones, which in turn link together 
eventually solving the problem at hand. A four-bit CPU 
executing multiple precision subroutines can, for exam- 
ple, perform 64-bit addition and subtraction. The sub- 
routines could in turn be building blocks for floating- 
point multiplication and division routines. Eventually, 
the four-bit CPU can simulate a far more complex "vir- 
tual" machine. 


In fact, any digital computer with the above four func- 
t~onal elements can (given time) complete any algo- 
nthm (though the proverbial room full of chimpanzees 
at word processors might first re-create Shakespeare's 
classics and this Application Note)! This fact offers lit- 
tle consolation to product designers who want pro- 
grams to run as quickly as possible. By definition 
a 


real-time 
control 
algorithm 
must 
proceed 
qUickIy 


enough to meet the preordained speed constraints of 
other equipment. 


One of the factors determining how long it will take a 
microcomputer to complete a given chore is the num- 
ber of instructions it must execute. What makes a given 
computer architecture particularly well- or poorly-suit- 
ed for a class of problems is how well its instruction set 
matches the tasks to be performed. The better the 
"primitive" oper~tions correspond to the steps taken by 
the control algonthm, the lower the number of instruc- 
tions needed, and the quicker the program will run. All 
else being equal, a CPU supporting 64-bit arithmetic 
directly could clearly perform floating-point math fast- 
er than a machine bogged-down by multiple-precision 
subroutines. In the same way, direct support for bit 
manipulation 
naturally 
leads to more efficient pro- 


grams handling the binary input and output conditions 
inherent in digital control problems. 


INPUTI 
OUTPUT 
PORTS 


inter 


The introduction stated that the 8051's bit-handling ca- 
pabilities alone would be sufficient to solve some con- 
trol applications. Let's see how the four basic elements 
of a digital computer-a 
CPU with associated registers, 
program memory, addressable data RAM, and I/O ca- 
pability-relate 
to Boolean variables. 


CPU. The 8051 CPU incorporates special logic devoted 
to executing several bit-wide operations. All told, there 
are 17 such instructions, 
all listed in Table 2. Not 


shown are 94 other (mostly byte-oriented) 8051 instruc- 
tions. 


Program 
Memory. 
Bit-processing 
instructions 
are 


fetched from the same program memory as other arith- 
metic and logical operations. In addition to the instruc- 


Table 
2. MCS·51™ 
Boolean 


Processing 
Instruction 
Subset 


Mnemonic 
Description 
Byte 
eyc 


SETB 
C 
Set Carry flag 
1 
1 


SETB 
bit 
Set direct Bit 
2 
1 


CLR 
C 
Clear Carry flag 
1 
1 


CLR 
bit 
Clear direct bit 
2 
1 


CPL 
C 
Complement Carry flag 
1 
1 


CPL 
bit 
Complement direct bit 
2 
1 


MOV 
C.bit 
Move direct bit to Carry flag 
2 
1 


MOV 
bit.C 
Move Carry flag to direct bit 
2 
2 


ANL 
C.bit 
AND direct bit to Carry flag 
2 
2 


ANL 
C.bit 
AND complement of direct 
2 
2 


bit to Carry flag 


ORL 
C.bit 
OR direct bit to Carry flag 
2 
2 


ORL 
C.bit 
OR complement of direct 
2 
2 


bit to Carry flag 


JC 
rei 
Jump if Carry is flag is set 
2 
2 


JNC 
rei 
Jump if No Carry flag 
2 
2 


JB 
bit.rel 
Jump if direct Bit set 
3 
2 


JNB 
bit.rel 
Jump if direct Bit Not set 
3 
2 


JBC 
bit.rel 
Jump if direct Bit is set & 
3 
2 


Clear bit 


Address 
mode abbreviations 


C-Carry 
flag. 


bit-128 
software flags, any I/O pin, control or status 


bit. 
rei-Ail 
conditional jumps include an 8-bit offset byte. 
Range is + 127 -128 
bytes relative to first byte of the 


following instruction. 


tions of Table 2, several sophisticated program control 
features like multiple addressing modes, subroutine 
nesting, and a two-level interrupt structure are useful in 
structuring Boolean Processor-based programs. 


Boolean instructions are one, two, or three bytes long, 
depending on what function they perform. Those in- 
volving only the carry flag have either a single-byte 
opcode or an opcode followed by a conditional-branch 
destination byte (Figure 3a). The more general instruc- 
tions add a "direct address" byte after the opcode to 
specify the bit affected, yielding two or three byte en- 
codings (Figure 3b). Though this format allows poten- 
tially 256 directly addressable bit locations, not all of 
them are implemented in the 8051 family. 


I opcode 


SETBC 
CLRC 
CPLC 


I displacement I 


JC 
JNC 


opcode I I 
bit address 


SETB 
bit 
CLR 
bit 
CPL 
bit 
ANLC, 
bit 
ANL C,I 
bit 


ORLC, 
bit 
ORL C,I 
bit 


MOVC, 
bit 
MOV 
bit,C 


opcode I I 
bit address 
I displacement 
I 


JB 
bit, 
rei 


JNB 
bit, 
rei 


JBC 
bit, 
rei 


inter 


01,..,. 
811 Add •••••• 
Hard.a,. 
RAM 
8~'e 
R.gIII.r 
8y'. 
(MS8) 
(LS8) 
Addr ••• 
(MS8) 
(LS8) 
Symbol 


7FH{: 


, 


~ 


OFFH 


OFOH 
F7 I FI I F5 I F4 I F3 I F2 I Fl I FO 
8 


2FH 
7F 
7E 
70 
7C 
78 
7A 
7' 
71 


2EH 
77 
71 
75 
74 
73 
72 
71 
70 
OEOH 
E7 I EI I E5 I E4 I E3 I E2 I El I EO 
ACC 


20H 
IF 
IE 
10 
IC 
18 
IA 
69 
66 


2CH 
17 
66 
15 
64 
13 
12 
II 
60 
OOOH 
07 i OS I 05 I 04 I 03 I 02 I 01 I DO 
PSW 


28H 
5F 
5E 
50 
5C 
58 
5A 
5' 
51 


2AH 
57 
51 
55 
54 
53 
52 
51 
50 
081H 
- 
I 
- 
I 
- 
18C 
I 
88 
ISA 
18, 
181 
IP 


2'H 
4F 
4E 
40 
4C 
48 
4A 
4' 
41 


21H 
47 
41 
45 
44 
43 
42 
41 
40 
080H 
87 
I 81 
I 
85 
I 84 
I 
83 
I 
82 
181 
180 
P3 


27H 
3F 
3E 
3D 
3C 
38 
3A 
3' 
31 


21H 
37 
31 
35 
34 
33 
32 
31 
30 
OAIH 
AF 
I 
- I - I AC I A8 I AA I A9 I AI 
IE 


25H 
2F 
2E 
20 
2C 
28 
2A 
2' 
21 


24H 
27 
21 
25 
24 
23 
22 
21 
20 
OAOH 
A7 I AI I A5 I A4 I A3 
I A2 I Al I AO 
P2 


23H 
IF 
IE 
10 
lC 
18 
lA 
19 
II 


22H 
17 
16 
15 
14 
13 
12 
11 
10 
9IH 
9F 
19E 
190 
19C 
19819A 
199191 
SCON 


21H 
OF 
OE 
00 
OC 
08 
OA 
09 
01 


20H 
07 
06 
05 
04 
03 
02 
01 
00 
90H 
97 I 96 
I 95 I 94 
I 
93 I 92 
I 91 I 90 
PI 


lFH 


llH 
80nk 
3 


17H 


IF I IE 
liD 
"C I 18 I IA I" 
I" 
80nk 
2 
IIH 
TCON 
lOH 
OFH 


OIH 
aank 1 


07H 


10H 
17 I 66 I 15 I 64 
113 I 12 I II 160 
80nk 
0 
PO 
00 


203830-3 
a.) RAM Bit Addresses 
b.) Special Function Register Bit Addresses 


Data Memory. The instructions in Figure 3b can oper- 
ate directly upon 144 general purpose bits forming the 
Boolean processor "RAM." These bits can be used as 
software flags or to store program variables. Two oper- 
and instructions use the CPU's carry flag ("C") as a 
special one-bit register: in a sense, the carry is a "Boole- 
an accumulator" for logical operations and data trans- 
fers. 


Input/Output. 
All 32 I/O pins can be addressed as indi- 


vidual inputs, outputs, or both, in any combination. 
Any pin can be a control strobe output, status (Test) 
input, or serial I/O link implemented via software. An 
additional 33 individually addressable bits reconfigure, 
control, and monitor the status of the CPU and all on- 
chip peripheral functions (timer counters, serial port 
modes, interrupt logic, and so forth). 


Overflow 
flag. 


Set/cleared 
by hardware 
dur- 


ing 
arithmetic 
instructions 
to 


indicate 
overflow 
conditions. 


(reserved) 


Parity flag. 
Set/ cleared 
by hardware 
each 


instruction 
cycle to indicate 
an 


odd/even 
number 
of 
"one" 


bits 
in the 
accumulator, 
i.e., 


even parity. 


the 
contents 
of 
(RS1, 
RSO) 


enable 
the 
working 
register 


banks as follows: 
(0,0) - Bank 0 
(OOH-07H) 


(0,1) - Bank 1 
(OBH-OFH) 


(1,0) - Bank 2 
(10H-17H) 


(1,1)-Bank3 
(1BH-1FH) 


Symbol 
Position 
Name and Significance 


CY 
PSW.7 
Carry flag. 
Set/ cleared 
by 
hardware 
or 
software 
during 
certain 
arith- 
metic and logical 
instructions. 


AC 
PSW.6 
Auxiliary Carry flag. 
Set/cleared 
by hardware 
dur- 
ing addition 
or subtraction 
in- 
structions 
to 
indicate 
carry 
or 
borrow 
out of bit 3. 


FO 
PSW.5 
Flag O. 
Set/cleared/tested 
by 
soft- 
ware 
as a user-defined 
status 
flag. 


RS1 
PSW.4 
Register 
bank 
Select 
control 
bits. 


RSO 
PSW.3 
1 & O. Set/cleared 
by software 
to 
determine 
working 
register 
bank (see Note). 


Figure 5. PSW-Program 
Status Word Organization 


Symbol 
Position 
Name and Significance 


RD 
P3.7 
Read data control output. 
Active 
low pulse generated 
by 
hardware 
when 
external 
data 
memory 
is read. 


WR 
P3.6 
Write data control 
output. 


Active 
low pulse generated 
by 
hardware 
when 
external 
data 
memory 
is written. 


T1 
P3.5 
Timer/counter 
1 external 
input 
or test pin. 


TO 
P3.4 
Timer/counter 
0 external 
input 
or test pin. 


PSW.1 


PSW.O 


Interrupt 
1 input pin. 
Low-level 
or falling-edge 
trig- 


gered. 


Interrupt 
0 input pin. 


Low-level 
or falling-edge 
trig- 


gered. 


Transmit 
Data 
pin 
for 
serial 


port in UART mode. Clock out- 
put in shift register 
mode. 


Receive 
Data 
pin 
for 
serial 


port in UART 
mode. 
Data I/O 


pin in shift register 
mode. 


The most significant 
bit of the direct address 
byte se- 


lects one of two groups of bits. Values between 0 and 
127 (DOH and 7FH) define bits iIJ a block of 32 bytes of 
on-chip RAM, between RAM addresses 
20H and 2FH 


(Figure 4a). They are numbered 
consecutively 
from the 


lowest-order 
byte's 
lowest-order 
bit through 
the high- 


est-order 
byte's highest-order 
bit. 


Bit addresses 
between 
128 and 255 (80H and OFFH) 


correspond 
to bits 
in a number 
of special 
registers, 


mostly used for 110 or peripheral 
control. 
These posi- 


tions are numbered 
with a different scheme than RAM: 


the five high-order 
address bits match those of the reg- 


ister's own address, while the three low-order 
bits iden- 
tify the bit position within that register (Figure 4b). 


inter 


Notice the column labeled "Symbol" in Figure 5. Bits 
with special meanings in the PSW and other registers 
have corresponding symbolic names. General-purpose 
(as opposed to carry-specific) instructions may access 
the carry like any other bit by using the mnemonic CY 
in place of C, PO, PI, P2, and P3 are the 8051's four 
I/O ports: secondary functions assigned to each of the 
eight pins of P3 are shown in Figure 6. 


Figure 7 shows the last four bit addressable registers. 
TCON (Timer Control) and SCaN 
(Serial port Con- 


trol) control and monitor the corresponding peripher- 
als, while IE (Interrupt Enable) and IP (Interrupt Pri- 
ority) enable and prioritize the five hardware interrupt 
sources. Like the reserved hardware register addresses, 


the five bits not implemented in IE and IP should not 
be accessed: they can not be used as software flags. 


Addressable 
Register 
Set. There are 20 special function 


registers in the 8051, but the advantages of bit address- 
ing only relate to the II described below. Five poten- 
tially bit-addressable register addresses (OCOH,OC8H, 
OD8H, OE8H, & OF8H) are being reserved for possible 
future 
expansion 
in microcomputers 
based on the 


MCS-51 architecture. Reading or writing non-existent 
registers in the 8051 series is pointless, and may cause 
unpredictable results. Byte-wide logical operations can 
be used to manipulate bits in all non-bit 
addressable 


registers and RAM. 


inter 


TCON.3 
Interrupt 1 Edge flag. 
Set by hardware when exter- 
nal 
interrupt 
edge 
detected. 


Symbol 
Position 
Name and Significance 
Cleared 
when 
interrupt 
pro- 


TF1 
TCON.? 
Timer 1 overflow Flag. 
cessed. 
Set 
by 
hardware 
on 
timer/ 
IT1 
TCON.2 
Interrupt 1 Type control bit. 


counter 
overflow. 
Cleared 
Set/cleared 
by 
software 
to 


when interrupt processed. 
specify falling 
edge/low 
level 
TCON.6 
Timer 1 Run control bit. 
triggered external interrupts. 


Set/cleared 
by software to turn 
IEO 
TCON.1 
Interrupt 0 Edge flag. 
timer/counter 
on/off. 
Set by hardware when exter- 
TCON.5 
Timer 0 overflow Flag. 
nal 
interrupt 
edge 
detected. 


Set 
by 
hardware 
on 
timer/ 
Cleared 
when 
interrupt 
pro- 
counter 
overflow. 
Cleared 
cessed. 


when interrupt processed. 
ITO 
TCON.O Interrupt 0 Type control bit. 


TCONA 
Timer 0 Run control bit. 
Set/cleared 
by 
software 
to 


Set/cleared 
by software to turn 
specify falling 
edge/low 
level 


timer/counter 
on/off. 
triggered external interrupts. 


a.) TCON- 
Timer/Counter 
Control/Status 
Register 


Symbol 
Position 
Name and Significance 


SMO 
SCON.? 
Serial port Mode control bit o. 
Set/cleared 
by software 
(see 


note). 


SM 1 
SCON.6 
Serial port Mode control bit 1. 
Set/cleared 
by software 
(see 


note). 


SM2 
SCON.5 
Serial port Mode control bit 2. 
Set by software to disable re- 
ception of frames for which bit 
8 is zero. 


REN 
SCON.4 
Receiver Enable control bit. 
Set/ cleared by software to en- 
able/disable 
serial data recep- 


tion. 


TB8 
SCON.3 
Transmit Bit 8. 
Set/ cleared by hardware to de- 
termine state of ninth data bit 
transmitted 
in 
9-bit 
UART 
mode. 


SCON.2 
Receive Bit 8. 
Set/ cleared by hardware to in- 
dicate state 
of ninth data bit 


received. 


SCON.1 
Transmit Interrupt flag. 
Set 
by hardware 
when 
byte 


transmitted. 
Cleared 
by soft- 


ware after servicing. 


SCON.O Receive Interrupt flag. 


Set by hardware when byte re- 
ceived. 
Cleared 
by 
software 


after servicing. 


Note- 
the state of (SMO, SM1) 
selects: 
(O,O)-Shift 
register I/O 


expansion. 


(0,1)-8-bit 
UART, variable 


data rate. 


(1,0)-9-bit 
UART, fixed data 


rate. 


(1,1)-9-bit 
UART, variable 


data rate. 


b.) SCON-Serlal 
Port Control/Status 
Register 


Figure 7. Peripheral 
Configuration 
Registers 


EnableSerialportcontrolbit. 
Set/cleared by softwareto en- 
able/disable interruptsfrom TI 
or RI flags. 
EnableTimer1controlbit. 
Set/clearedby softwareto en- 
able/disable 
interrupts from 
timer/counter 1. 
c.) IE-Interrupt 
Enable Register 


Symbol Position Nameand Significance 
EA 
IE? 
EnableAll controlbit. 
Clearedby softwareto disable 
all interrupts, independent of 
the state of IEA-IEO. 
(reserved) 
IE6 
IE5 
IE.4 


Enable External interrupt 1 
control bit. Set/cleared by 
softwareto enable/disable in- 
terruptsfrom INT1. 
EnableTimer0 controlbit. 
Set/clearedby softwareto en- 
able/disable interrupts from 
timer/counter O. 
Enable External interrupt 0 
control bit. Set/cleared 
by 


softwareto enable/disable in- 
terruptsfrom INTO. 


Symbol Position Nameand Significance 
PX1 
IP.2 
External interrupt 1 Priority 
IP.? 
(reserved) 
control bit. Set/cleared 
by 
IP.6 
(reserved) 
software to specify high/low 
IP.5 
(reserved) 
priorityinterruptsfor INT1. 
PS 
IP.4 
Serialport Prioritycontrolbit. 
PTO 
IP.1 
Timer0 Prioritycontrolbit. 


Set/cleared 
by 
software to 
Set/cleared by software to 


specify high/low priority inter- 
specify high/low priority inter- 


ruptsfor Serialport. 
ruptsfor timer/counter O. 
PT1 
IP.3 
Timer1 Prioritycontrolbit. 
PXO 
IP.O 
External interrupt 0 
Priority 


Set/cleared by 
software to 
control 
bit. Set/cleared by 


specify high/low priority inter- 
software to specify high/low 


rupts for timer/counter 1. 
priorityinterruptsfor INTO. 


d.) IP-Interrupt 
Priority Control Register 


Figure 7. Peripheral Configuration Registers (Continued) 


The accumulator and B registers (A and B) are normal- 
ly involved in byte-wide arithmetic, but their individual 
bits can also be used as 16 general software flags. Add- 
ed with the 128 flags in RAM, this gives 144 general 
purpose variables for bit-intensive programs. The pro- 
gram status word (PSW) in Figure 5 is a collection of 
flags and machine status bits including the carry flag 
itself. Byte operations acting on the PSW can therefore 
affect the carry. 


Having looked at the bit variables available to the Boo- 
lean Processor, we will now look at the four classes of 


instructions that manipulate these bits. It may be help- 
ful to refer back to Table 2 while reading this section. 


State Control. Addressable bits or flags may be set, 
cleared, or logically complemented in one instruction 
cycle with the two-byte instructions SETB, CLR, and 
CPL. (The "B" affixed to SETB distinguishes it from 
the assembler "SET" directive used for symbol defini- 
tion.) SETB and CLR are analogous to loading a bit 
with a constant: 1 or O.Single byte versions perform the 
same three operations on the carry. 


The MCS-51 assembly language specifies a bit address 
in any of three ways: 
• by a number or expression corresponding to the di- 


rect bit address (0-255): 


inter 


• by the name or address of the register containing the 


bit. the dot operator symbol (a period: ••.••). and the 
bit's position in the register (7-0): 
• in the case of control and status registers. by the 


predefined assembler symbols listed in the first col- 
umns of Figures 5- 7. 


Bits may also be given user-defined names with the as- 
sembler "BIT" 
directive and any of the above tech- 


niques. For example. bit 5 of the PSW may be cleared 
by any of the four instructions. 


CLR 
OD5H 


CLR 
PSW.5 


CLR 
FO 


Absolute 
Addressing 
Use 
of Dot 
Operator 
Pre-Defined 
Assembler 
Symbol 
User-Defined 
Symbol 


Data 
Transfers. 
The two-byte MOV instructions can 


transport any addressable bit to the carry in one cycle, 
or copy the carry to the bit in two cycles. A bit can be 
moved between two arbitrary locations via the carry by 
combining the two instructions. (If necessary, push and 
pop the PSW to preserve the previous contents of the 
carry.) These instructions can replace the multi-instruc- 
tion sequence of Figure 8, a program structure appear- 
ing in controller applications whenever flags or outputs 
are conditionally switched on or off. 


ISOLATE 


SOURCE 


BIT 


SET 
DESTINATION 


BIT 


CLEAR 
DESTINATION 


BIT 


Logical 
Operations. 
Four instructions perform the logi- 


cal-AND and logical-OR operations between the carry 
and another bit, and leave the results in the carry. The 
instruction mnemonics are ANL and ORL; the absence 
or presence of a slash mark (••/") 
before the source 


operand indicates whether to use the positive-logic val- 
ue or the logical complement of the addressed bit. (The 
source operand itself is never affected.) 


Bit-test 
Instructions. 
The conditional jump instructions 
"JC rei" (Jump on Carry) and "JNC rei" (Jump on 
Not Carry) test the state of the carry flag, branching if 
it is a one or zero, respectively. (The letters "rei" de- 
note relative code addressing.) The three-byte instruc- 
tions "JB bit.rel" and "JNB bit.rei" (Jump on Bit and 
Jump on Not Bit) test the state of any addressable bit in 
a similar manner. A fifth instruction 
combines the 


Jump on Bit and Clear operations. "JBC bit.rei" condi- 
tionally branches to the indicated address, then clears 
the bit in the same two cycle instruction. This operation 
is the same as the MCS-48 "JTF" instructions. 


All 8051 conditional jump instructions 
use program 


counter-relative addressing. and all execute in two cy- 
cles. The last instruction byte encodes a signed dis- 
placement ranging from -128 to + 127. During execu- 
tion, the CPU adds this value to the incremented pro- 
gram counter to produce the jump destination. Put an- 
other way, a conditional jump to the immediately fol- 
lowing instruction would encode OOH in the offset byte. 


A section of program or subroutine written using only 
relative jumps to nearby addresses will have the same 
machine code independent of the code's location. An 
assembled routine may be repositioned anywhere in 
memory. even crossing memory page boundaries, with- 
out having to modify the program or recompute desti- 
nation addresses. To facilitate this flexibility, there is an 
unconditional "Short Jump" (SJMP) which uses rela- 
tive addressing as well. Since a programmer would have 
quite a chore trying to compute relative offset values 
from one instruction to another, ASM51 automatically 
computes the displacement needed given only the desti- 
nation address or label. An error message will alert the 
programmer if the destination is "out of range." 


The so-called "Bit Test" instructions implemented on 
many other microprocessors simply perform the logi- 
cal-AND operation between a byte variable and a con- 
stant mask, and set or clear a zero flag depending on 
the result. This is essentially equivalent to the 8051 
"MOV C.bit" instruction. A second instruction is then 
needed to conditionally branch based on the state of the 
zero flag. This does not constitute abstract bit-address- 
ing in the MCS-51 sense. A flag exists only as a field 


inter 


within 
a register: 
to reference 
a bit the 
programmer 


must know and specify both the encompassing 
register 


and the bit's 
position 
therein. 
This constraint 
severely 


limits 
the flexibility 
of symbolic 
bit addressing 
and re- 
duces the machine's 
code-efficiency 
and speed. 


Interaction with Other Instructions. The 
carry 
flag is 
also affected 
by the instructions 
listed in Table 3. It can 


be rotated 
through 
the accumulator, 
and 
altered 
as a 


side effect of arithmetic 
instructions. 
Refer 
to the Us- 


er's Manual 
for details 
on how these instructions 
oper- 


ate. 


By combining 
general 
purpose 
bit operations 
with cer- 


tain 
addressable 
bits, 
one can 
"custom 
build" 
several 


hundred 
useful 
instructions. 
All eight bits of the PSW 


can 
be tested 
directly 
with 
conditional 
jump 
instruc- 


tions to monitor 
(among 
other 
things) 
parity 
and over- 


flow status. 
Programmers 
can 
take 
advantage 
of 128 


software 
flags 
to keep 
track 
of operating 
modes, 
re- 


source 
usage, and so forth. 


The 
Boolean 
instructions 
are 
also 
the 
most 
efficient 


way to control 
or reconfigure 
peripheral 
and I/O 
regis- 


ters. All 32 I/O 
lines become 
"test 
pins," 
for example, 


tested by conditional 
jump 
instructions. 
Any output 
pin 


can be toggled 
(complemented) 
in a single instruction 


cycle. Setting or clearing 
the Timer 
Run flags (TRO and 


TR1) 
turn 
the 
timer/counters 
on or off; polling 
the 


same 
flags elsewhere 
lets the 
program 
determine 
if a 


timer 
is running. 
The 
respective 
overflow 
flags (TFO 


and TF1) 
can be tested 
to determine 
when the desired 


period 
or count has elapsed, 
then cleared 
in preparation 


for the next repetition. 
(For the record, 
these bits are all 


part 
of the TCON 
register, 
Figure 
7a. Thanks 
to sym- 


bolic bit addressing, 
the programmer 
only needs to re- 


member 
the mnemonic 
associated 
with each function. 
In other 
words, 
don't 
bother 
memorizing 
control 
word 


layouts.) 


In the 
MCS-48 
family, 
instructions 
corresponding 
to 


some 
of the above 
functions 
require 
specific 
opcodes. 


Ten 
different 
opcodes 
serve 
to clear 
complement 
the 


software 
flags 
FO and 
FI, 
enable/disable 
each 
inter- 


rupt, 
and start/stop 
the timer. 
In the 8051 instruction 


set, just three opcodes 
(SETB, CLR, 
CPL) with a direct 


bit address 
appended 
perform 
the same functions. 
Two 


test instructions 
(IB 
and INB) 
can be combined 
with 


bit addresses 
to test the software 
flags, the 
8048 I/O 


pins TO, TI, 
and INT, 
and the eight accumulator 
bits, 
replacing 
IS more different 
instructions. 


Table 
4a shows 
how 
8051 programs 
implement 
soft- 
ware 
flag 
and 
machine 
control 
functions 
associated 


with 
special 
opcodes 
in the 
8048. 
In every 
case 
the 


MCS-5l 
solution 
requires 
the same number 
of machine 


cycles, and executes 
2.5 times faster. 


Table 3. Other Instructions 
Affecting 


the Carry Flag 


Mnemonic 
Description 
Byte 


ADD 
A,Rn 
Add register to 
1 


Accumulator 
ADD 
A,direct 
Add direct byte to 
2 


Accumulator 
ADD 
A,@Ri 
Add indirect RAM to 
Accumulator 
ADD 
A,4Odata 
Add immediate data 
2 


to Accumulator 


ADDC A,Rn 
Add register to 
Accumulator with 
Carry flag 
ADDC A,direct 
Add direct byte to 
2 


Accumulator with 
Carry flag 
ADDC A,@Ri 
Add indirect RAM to 
Accumulator with 
Carry flag 
ADDC A,4Odata 
Add immediate data 
2 


to Acc with Carry flag 


SUSS 
A,Rn 
Subtract register from 
Accumulator with 
borrow 
SUSS 
A,direct 
Subtract direct byte 
2 


from Acc with borrow 


SUSS 
A,@Ri 
Subtract indirect RAM 
from Acc with borrow 


SUSS 
A,4Odata 
Subtract immediate 
2 


data from Acc with 
borrow 
MUL 
AS 
MultiplyA & S 


DIV 
AS 
DivideAbyS 


DA 
A 
Decimal Adjust 
Accumulator 


RLC 
A 
Rotate Accumulator 
Left through the Carry 
flag 
RRC 
A 
Rotate Accumulator 
Right through Carry 
flag 


CJNE 
A,direct.rel 
Compare direct byte 
3 
2 


to Acc & Jump if Not 
Equal 
CJNE 
A,4Odata.rel 
Compare immediate 
3 
2 


to Acc & Jump if Not 
Equal 
CJNE 
Rn, # data. rei 
Compare immed to 
3 
2 


register & Jump ifNot 
Equal 
CJNE 
@Ri,4Odata.rel Compare immed to 
3 
2 


indirect & Jump if Not 
Equal 


All mnemonics 
copyrighted 
@ Intel Corporation 
1980. 


8048 
Bytes 
Cycles 
fJ-Sec 
8x51 
Bytes 
Cycles & fJ-Sec 
Instruction 
Instruction 


Flag Control 


/ 


CLA 
C 
1 
1 
2.5 
CLA 
C 
1 
1 
CPL 
FO 
1 
1 
2.5 
CPL 
FO 
2 
1 


Flag Testing 
JNC 
offset 
2 
2 
5.0 
JNC 
rei 
2 
2 
JFO 
offset 
2 
2 
5.0 
JB 
FO.rel 
3 
2 
JB7 
offset 
2 
2 
5.0 
JB 
ACC.7.rel 
3 
2 


Peripheral 
Polling 


JTO 
offset 
2 
2 
5.0 
JB 
TO.rel 
3 
2 
JN1 
offset 
2 
2 
5.0 
JNB 
INTO.rel 
3 
2 
JTF 
offset 
2 
2 
5.0 
JBC 
TFO.rel 
3 
2 


Machine 
and Peripheral 
Control 


STAT 
T 
1 
1 
2.5 
SETB 
TAO 
2 
1 
EN 
1 
1 
1 
2.5 
SETB 
EXO 
2 
1 
DIS 
TCNT1 
1 
1 
2.5 
CLA 
ETO 
2 
1 


8048 
Bytes 
Cycles 
fJ-Sec 
8051 
Bytes 
Cycles & fJ-Sec 
Instruction 
Instruction 


Flag Control 
Set carry 
CLA 
C 


SETB 
C 
CPL 
C 
= 
2 
2 
5.0 
1 
1 


Set Software 
Flag 


CLA 
FO 
CPL 
FO 
= 
2 
2 
5.0 
SETB 
FO 
2 
1 


Turn Off Output Pin 


ANL 
P1.#OFBH 
= 
2 
2 
5.0 
CLA 
P1.2 
2 
1 


Complement 
Output Pin 


IN 
A.P1 


XAL 
A.#04H 


OUTL 
P1.A 
= 
4 
6 
15.0 
CPL 
P1.2 
2 
1 


Clear Flag in AAM 


MOV 
AO.#FLGADA 


MOV 
A.@AO 


ANL 
A. # FLGMASK 


MOV 
@AO.A 
= 
6 
6 
15.0 
CLA 
USEA_FLG 
2 
1 


, 


8048 
Cycles 
""Sec 
8x51 
Bytes 
Cycles & ""Sec 
Instruction 
Bytes 
Instruction 


Flag Testing: 
Jump ifSoftware Flag is 0 
JFO 
$+4 


FO.rel 
3 
2 
JMP 
offset 
= 
4 
4 
10.0 
JNB 


Jump ifAccumulator bit is 0 


CPL 
A 
JB7 
offset 
3 
2 
CPL 
A 
= 
4 
4 
10.0 
JNB 
ACC.7.rel 


Peripheral Polling 
Test if Input Pin is Grounded 


IN 
A.P1 
CPL 
A 
2 
JB3 
offset 
= 
4 
5 
12.5 
JNB 
P1.3.rel 
3 


Test if Interrupt Pin is High 


JN1 
$+4 


INTO.rel 
3 
2 
JMP 
offset 
= 
4 
4 
10.0 
JB 


3.0 
BOOLEAN 
PROCESSOR 


APPLICATIONS 


Qualitatively, 
nothmg. All the same capabilities could 


be (and often have been) implemented on other ma- 
chines using awkward sequences of other basic opera- 
tions. As mentioned earlier, any CPU can solve any 
problem given enough time. 


Quantitatively, 
the differences between a solution al- 


lowed by the 8051 and those required by previous ar- 
chitectures are numerous. What the 8051 Family buys 
you is a faster, cleaner, lower-cost solution to micro- 
controller applications. 


The opcode space freed by condensing many specific 
8048 instructions into a few general operations has been 
used to add new functionality to the MCS-51 architec- 
ture-both 
for byte and bit operations. 
144 software 


flags replace the 8048's two. These flags (and the carry) 
may be directly set, not just cleared and complemented, 
and all can be tested for either state, not just one. Oper- 
ating mode bits previously inaccessible may be read, 
tested, or saved. Situations where the 8051 instruction 
set provides new capabilities are contrasted with 8048 
instruction sequences in Table 4b. Here the 8051 speed 
advantage ranges from 5x to 15xl 


Combining Boolean and byte-wide instructions 
can 


produce great synergy. An MCS-51 based application 
will prove to be: 
• simpler to write since the architecture 
correlates 


more closely with the problems being solved: 


• easier to debug because more individual instructions 


have no unexpected or undesirable side-effects: 


• more byte efficient due to direct bit addressing and 


program counter relative branching: 


• faster running because fewer bytes of instruction 


need to be fetched and fewer conditional jumps are 
processed: 


• lower cost because of the high level of system-inte- 


gration within one component. 


These rather unabashed claims of excellence shall not 
go unsubstantiated. The rest of this chapter examines 
less trivial tasks simplified by the Boolean processor. 
The first three compare the 8051 with other micro- 
processors; the last two go into 805I-based system de- 
signs in much greater depth. 


First off, we'll use the bit-transfer instructions to per- 
mute a lengthy pattern of bits. 


inter 


A steadily increasing number of data communication 
products use encoding methods to protect the security 
of sensitive information. 
By law, interstate 
financial 


transactions involving the Federal banking system must 
be transmitted 
using the Federal 
Information 
Pro- 


cessing Data Encryption Standard (DES). 


Basically, the DES combines eight bytes of "plaintext" 
data (in binary, ASCII, or any other format) with a 56- 
bit "key", producing a 64-bit encrypted value for trans- 
mission. At the receiving end the same algorithm is 
applied to the incoming data using the same key, repro- 
ducing the original eight byte message. The algorithm 
used for these permutations is fixed; different user-de- 
fined keys ensure data privacy. 


It is not the purpose of this note to describe the DES in 
any detail. Suffice it to say that encryption/decryption 
is a long, iterative process consisting of rotations, exclu- 
sive -OR operations, function table look-ups, and an 
extensive (and quite bizarre) sequence of bit permuta- 
tion, packing, and unpacking steps. (For further details 
refer to the June 21, 1979 issue of Electronics maga- 
zine.) The bit manipulation steps are included, it is ru- 
mored, to impede a general purpose digital supercom- 
puter trying to "break" the code. Any algorithm imple- 
menting 
the DES with previous generation 
micro- 


processors would spend virtually all of its time diddling 
bits. 


The bit manipulation performed is typified by the Key 
Schedule Calculation represented in Figure 9. This step 
is repeated 16 times for each key used in the course of a 
transmission. In essence, a seven-byte, 56-bit "Shifted 
Key Buffer" is transformed into an eight-byte, "Permu- 
tation Buffer" without altering the shifted Key. The 
arrows in Figure 9 indicate a few of the translation 
steps. Only six bits of each byte of the Permutation 
Buffer are used; the two high-order bits of each byte are 
cleared. This means only 48 of the 56 Shifted Key Buff- 
er bits are used in anyone iteration. 


Different microprocessor architectures would best im- 
plement this type of permutation 
in different ways. 


Most approaches would share the steps of Figure lOa: 
• Initialize the Permutation 
Buffer to default state 


(ones or zeroes): 


• Isolate the state of a bit of a byte from the Key 


Buffer. Depending on the CPU, this might be ac- 
complished by rotating a word of the Key Buffer 
through a carry flag or testing a bit in memory or an 
accumulator against a mask byte: 


• Perform a conditional jump based on the carry or 


zero flag if the Permutation Buffer default state is 
correct: 


• Otherwise reverse the corresponding bit in the per~ 


mutation buffer with logical operations and mask 
bytes. 


Each step above may require several instructions. The 
last three steps must be repeated for all 48 bits. Most 
microprocessors would spend 300 to 3,000 microsec- 
onds on each of the 16 iterations. 


Notice, though, that this flow chart looks a lot like 
Figure 8. The Boolean Processor can permute bits by 
simply moving them from the source to the carry to the 
destination-a 
total of two instructions 
taking four 


bytes and three microseconds per bit. Assume the Shift- 
ed Key Buffer and Permutation Buffer both reside in 
bit-addressable RAM, with the bits of the former as- 
signed symbolic names SKB_l, 
SKB_2, 
... 
SKB_ 


56, and that the bytes of the latter are named PB_l, 
... 
PB_8. 
Then working from Figure 9, the software 


for the permutation algorithm would be that of Exam- 
ple la. The total routine length would be 192 bytes, 
requiring 144 microseconds. 
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SET PEAMUT ATlON 
BUFFER 
.rT 
PC20) 


(lEAVE 
PERMUTATION 


BUFFER 
BIT 
CLEARED) 


REPEAT 
FOR 
EACH 
liT OF 
SHI"fO 
KEY 
BUFFER 
,41 TIMES) 


REPEAT 
FOR EACH 
BYTE OF 
PERMUTATION 
BUFFER 
(8 TIMES) 


Jnt: 
algul1uUU 
VI 
.I.·16U.1.•••..I.VV I"'JY~" 
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••..•.....• 
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cient in this time-critical application and illustrates the 
synergy of an integrated byte and bit processor. The 
bits needed for each byte of the Permutation Buffer are 
assimilated by loading each bit into the carry (I IJos.) 
and shifting it into the accumulator (I IJos.).Each byte 
is stored in RAM when completed. Forty-eight bits 
thus need a total of 112 instructions, some of which are 
listed in Example 1b. 


Worst-case execution time would be 112 microseconds, 
since each instruction 
takes a single cycle. Routine 


length would also decrease, to 168 bytes. (Actually, in 
the context of the complete encryption algorithm, each 
permuted byte would be processed as soon as it is as- 
similated-saving 
memory and cutting execution time 


by another 8 IJos.) 


To date, most banking terminals and other systems us- 
ing the DES have needed special boards or peripheral 
controller chips just for the encryption/decryption 
pro- 


cess, and still more hardware to form a serial bit stream 
for transmission (Figure lIa). An 8051 solution could 
pack most of the entire system onto the one chip (Fig- 
ure lIb). The whole DES algorithm would require less 
than one-fourth of the on-chip program memory, with 
the remaining bytes free for operating the banking ter- 
minal (or whatever) itself. 


Moreover, since transmission and reception of data is 
performed through 
the on-board UART, 
the unen- 


crypted data (plaintext) never even exists outside the 
microcomputer! Naturally, this would afford a high de- 
gree of security from data interception. 


MOV 
C,SKB_l 
MOV 
PB_l.l,C 
MOV 
C,SKB_2 
MOV 
PB_4.0,C 
MOV 
C,SKB_3 
MOV 
PB_2.5,C 
MOV 
C,SKB_4 
MOV 
PB_l.O,C 


MOV 
C,SKB_55 
MOV 
PB_5.0,C 
MOV 
C,SKB_56 
MOV 
PB_7.2,C 


CLR 
A 
MOV 
C,SKB_14 
RLC 
A 
MOV 
C,SKB_17 
RLC 
A 
MOV 
C,SKB_ll 
RLC 
A 
MOV 
C,SKB_24 
RLC 
A 
MOV 
C,SKB_l 
RLC 
A 
MOV 
C,SKB_5 
RLC 
A 
MOV 
PB_l,A 


MOV 
C,SKB_29 
RLC 
A 
MOV 
C,SKB_32 
RLC 
A 
MOV 
PB_8,A 


I 
IL 


DATA 
ENCRY' 
PTION 
UNIT 


b.) Using One Single-Chip Microcomputer 


Figure 11.Secure Banking Terminal Block Diagram 


Design Example # 2-Software 
Serial I/O 


An exercise often imposed on beginning microcomput- 
er students is to write a program simulating a DART. 
Though doing this with the 8051 Family may appear to 
be a moot point (given that the hardware for a full 
DART is on-chip), it is still instructive to see how it 
would be done, and maintains a product line tradition. 


As it turns out, the 8051 microcomputers can receive or 
transmit serial data via software very efficiently using 
the Boolean instruction set. Since any I/O pin may be a 
serial input or output, several serial links could be 
maintained at once. 


l 


I 


I 


TO 
MODEM 


I 
I 
J 


203830-8 


Figures l2a and l2b show algorithms for receiving or 
transmitting a byte of data. (Another section of pro- 
gram would invoke this algorithm eight times, synchro- 
nizing it with a start bit, clock signal, software delay, or 
timer interrupt.) Data is received by testing an input 
pin, setting the carry to the same state, shifting the 
carry into a data buffer, and saving the partial frame in 
internal RAM. Data is transmitted by shifting an out- 
put buffer through the carry, and generating each bit 
on an output pin. 


A side-by-side comparison of the software for this com- 
mon "bit-banging" application with three different mi- 
croprocessor architectures is shown in Table Sa and 5b. 
The 8051 solution is more efficient than the others on 
every count! 


inter 


b.) Transmission 


Figure 12. Serial 110 Algorithms 


Table 5. Serial 1/0 Programs 
for Various 
Microprocessors 


a.) Input Routine. 


8085 


1'1 
A"I 
.IZ 
CMC 


10: IXI 
MOV 
RR 
MOV 


SFRI'ORT 
MASK 
10 


RESIIITS: 


K I"STRITTIO'.S 
14BYTES 
lb STATES 
19uSEe 


h.) Output Routine. 


8085 


IXI 
MOV 
RR 
MOV 
1'1 
K 


1.0: A'II 


.IMP 
HI: 
ORI 
CNT:OllT 


M.A 
SERPORT 
HI 
SOT MASK 
C'IT 
MASK 


SFRPORT 


RESliLTS: 


10lNSTRUCTIOl':S 
20 BYTES 
72 STATES 
24 uSEe 


Design Example # 3-Combinatorial 
Logic Equations 


CI R 
C 


.I" III 10 
CPL 
C 


MOV 
RO.R'SfRRll~ 
MOV 
A.@Rll 
RRC 
A 
MOV 
@Rll.A 


7 I"S I RITTIO'lS 
9 BY I ES 
9 CYCLES 
22.5 uSFe. 


8048 


MOV 
MOV 
RRC 
MOV 


K 
A'II . 
.IMP 


HI: 
ORI 


C"\T: 


K II':STRlICTlONS 
D BYTES 
II CYCLES 
27.5 uSEe 


Next we'Ulook at some simple uses for bit-test instruc- 
tions and logical operations. (This example is also pre- 
sented in Application Note AP-69.) 


VirtuaUy all hardware designers have solved complex 
functions using combinatorial logic. While the hard- 
ware involved may vary from relay logic, vacuum 
tubes, or TTL or to more esoteric technologies like flu- 
idics, in each case the goal is the same: to solve a prob- 
lem represented by a logical function of several Boolean 
variables. 


RO.• SERBliF 
A.@RO 
A 
@RO.A 


HI 
• 


SERPRT.''10T 
MASK 
C'IT 
SERPRT .• MASK 


MOV 
A.SERBI'F 
RRC 
A 
MOV 
SERBlIF.A 


41'1srRlICTI0'lS 
7 BYTES 
4 CYCUS 
4 uSEe 


MOV 
A.SERBI'F 
RRC 
A 


MOV 
SERBIIF.A 


4 INSTR UCTIONS 
7 BYTES 
5 CYCLES 
5 uSEe 


Figure 13 shows TTL and relay logic diagrams for a 
function of the six variables U through Z. Each is a 
solution of the equation. 


Equations of this sort might be reduced using Kar- 
naugh Maps or algebraic techniques, but that is not the 
purpose of this example. As the logic complexity in- 
creases, so does the difficulty of the reduction process. 
Even a minor change to the function equations as the 
design evolves would require tedious re-reduction from 
scratch. 


inter 


a = (u. (V + W» + (X· 'i') + z 
a.) UsIng TTL 


b.) Using Relay Logic 


Figure 13. Hardware 
Implementations 
of Boolean 
Functions 


For the sake of comparison we will implement this 
function three ways, restricting the software to three 
proper subsets of the MCS-51 instruction set. We will 
also assume that U and V are input pins from different 
input ports, W and X are status bits for two peripheral 
controllers, and Y and Z are software flags set up earli- 
er in the program. The end result must be written 


to an output pin on ~omethird port. The first two im- 
plementations follow the flow-chart shown in Figure 
14. Program flow would embark on a route down a 
test-and-branch tree and leaves either the "True" or 
"Not True" exit ASAP-as 
soon as the proper result 


has been determined. These exits then rewrite the out- 
put port with the result bit respectivelyone or zero. 


inter 


Figure 14. Flow Chart for 
Tree-Branching 
Algorithm 


Other digital computers must solve equations of this 
type with standard word-wide logical instructions and 
conditional jumps. So for the first implementation, we 
won't use any generalized bit-addressing instructions. 
As we shall soon see, being constrained to such an in- 
struction subset produces somewhat sloppy software 
solutions. MCS-5l mnemonics are used in Example 2a: 
other machines might further cloud the situation by 
requiring operation-specific mnemonics like INPUT, 
OUTPUT, LOAD, STORE, etc., instead of the MOY 
mnemonic used for all variable transfers in the 8051 
instruction set. 


The code which results is cumbersome and error prone. 
It would be difficult to prove whether the software 
worked for all input combinations in programs of this 
sort. Furthermore, execution time will vary widely with 
input data. 


Thanks to the direct bit-test operations, a single in- 
struction can replace each move mask conditional jump 
sequence in Example 2a, but the algorithm would be 
equally convoluted (see Example 2b). To lessen the 
confusion "a bit" each input variable is assigned a sym- 
bolic name. 


A more elegant and efficient implementation (Example 
2c) strings together the Boolean ANL and ORL func- 
tions to generate the output function with straight-line 
code. When finished, the carry flag contains the result, 
which is simply copied out to the destination pin. No 
flow chart is needed--<:ode can be written directly from 
the logic diagrams in Figure 14. The result is simplicity 
itself: fast, flexible, reliable, easy to design, and easy to 
debug. 


An 8051 program can simulate an N-input AND or 
OR gate with at most N + 1 lines of source program- 
one for each input and one line to store the results. To 
simulate NAND and NOR gates, complement the car- 
ry after computing the function. When some inputs to 
the gate have "inversion bubbles", perform the ANL or 
ORL operation on inverted operands. When the first 
input is inverted, either load the operand into the carry 
and then complement it, or use DeMorgan's Theorem 
to convert the gate to a different form. 


Example 2. Software Solutions to Logic Function of 
Figure 13. 


a.) Using only byte-wide logical instructions 
:BFUNCI 
SOLVE 
RANDOM 
LOGIC 


FUNCTION 
OF 
6 
VARIABLES 


BY 
LOADING 
AND 
MASKING 


THE 
APPROPRIATE 
BITS 
IN 


THE 
ACCUMULATOR. 
THEN 


EXECUTING 
CONDITIONAL 


JUMPS 
BASED 
ON 
ZERO 


CONDITION. 
(APPROACH 
USED 


BY 
BYTE-ORIENTED 


ARCHITECTURES.) 
BYTE 
AND 


MASK 
VALUES 
CORRESPOND 
TO 


RESPECTIVE 
BYTE 
ADDRESS 


AND 
BIT 
POSITIONS. 


OUTBUF 
DATA 22H 
;OUTPUT PIN STATE MAP 


TESTV: 
MOV 
A,P2 
ANL 
A,#OOOOOIOOB 


JNZ 
TESTU 


MOV 
A,TCON 


ANL 
A,#OOIOOOOOB 


JZ 
TESTX 


TESTU: 
MOV .A,PI 
ANL 
A,#OOOOOOIOB 


JNZ 
SETQ 


TESTX: 
MOV 
A,TCON 


ANL 
A,#OOOOIOOOB 


JZ 
TESTZ 


MOV 
A,20H 
ANL 
A,#OOOOOOOIB 


JZ 
SETQ 


TESTZ: 
MOV 
A,2IH 
ANL 
A,#OOOOOOIOB 


JZ 
SETQ 


CLRQ: 
MOV 
A,OUTBUF 


ANL 
A,#IIIIOIIIB 


JMP 
OUTQ 


SETQ: 
MOV 
A,OUTBUF 


ORL 
A,#OOOOIOOOB 


OUTQ: 
MOV 
OUTBUF,A 


MOV 
P3,A 


b.) Using only bit-test instructions 
:BFUNC2 
SOLVE 
A 
RANDOM 
LOGIC 


FUNCTION 
OF 
6 
VARIABLES 


BY 
DIRECTLY 
POLLING 
EACH 


BIT. 
(APPROACH USING 


MCS-5I 
UNIQUE 
BIT-TEST 


INSTRUCTION 
CAPABILITY.) 


SYMBOLS 
USED 
IN 
LOGIC 


DIAGRAM 
ASSIGNED 
TO 


CORRESPONDING 
8x5I 
BIT 


ADDRESSES. 


U 
BIT 
PI.I 
V 
BIT 
P2.2 
W 
BIT 
TFO 
X 
BIT 
lEI 
Y 
BIT 
20H.0 
Z 
BIT 
2IH.I 
Q 
BIT 
P3.3 
; 
TEST_V: JB 
V,TEST_U 


JNB 
W,TEST_X 


TEST_U: JB 
U,SET_Q 
TEST_X: JNB 
X,TEST_Z 


JNB 
Y,SET_Q 
TEST_Z: JNB 
Z,SET_Q 
CLR_Q: 
CLR 
Q 
JMP 
NXTTST 
SET_Q: 
SETB 
Q 
NXTTST:(CONTINUATION OF 


:PROGRAM) 


c.) Using logical operations on Boolean variables 
:FUNC3 
SOLVE 
A 
RANDOM 
LOGIC 


FUNCTION 
OF 
6 
VARIABLES 


USING 
STRAIGHT_LINE 


LOGICAL 
INSTRUCTIONS 
ON 


MCS-5I 
BOOLEAN 
VARIABLES. 
, 
MOV C,V 
ORL C,W 
ANL C,U 
MOV FO,C 
MOV C,X 
ANL C,Y 
ORL C,FO 
ORL C,Z 


;OUTPUT OF OR GATE 
;OUTPUT OF TOP AND GATE 
;SAVE INTERMEDIATE STATE 


;OUTPUT OF BOTTOM AND GATE 
;INCLUDE VALUE SAVED ABOVE 
;INCLUDE LAST INPUT 
;VARIABLE 
;OUTPUT ~OMPUTED RESULT 


inter 


An upper-limit can be placed on the complexity of soft- 
ware to simulate a large number of gates by summing 
the total number of inputs and outputs. The actual total 
should be somewhat shorter, since calculations can be 
"chained," as shown. The output of one gate is often 
the fIrSt input to another, bypassing the intermediate 
variable to eliminate two lines of source. 


Design Example # 4-Automotlve 
Dashboard 
Functions 


Now let's apply these techniques to designing the soft- 
ware for a complete controller system. This application 
is patterned 
after a familiar real-world 
application 


which isn't nearly as trivial as it might first appear: 
automobile turn signals. 


Imagine the three position turn lever on the steering 
column as a single-pole, triple-throw toggle switch. In 
its central position all contacts are open. In the up or 
down positions contacts close causing corresponding 
lights in the rear of the car to blink. So far very simple. 


Two more turn signals blink in the front of the car, and 
two others in the dashboard. All six bulbs flash when 
an emergency switch is closed. A thermo-mechanical 
relay (accessible under the dashboard in case it wears 
out) causes the blinking. 


Applying the brake pedal turns the tail light filaments 
on constantly ... 
unless a turn is in progress, in which 


case the blinking tail light is not affected. (Of course, 
the front turn signals and dashboard indicators are not 
affected by the brake pedal.) Table 6 summarizes these 
operating modes. 


Input Signals 
Output Signals 


Brake 
Emerg. 
Left 
Right 
Left 
Right 
Left 
Right 
Turn 
Turn 
Front 
Front 
Switch 
Switch 
Switch 
Switch 
& Dash 
& Dash 
Rear 
Rear 


0 
0 
0 
0 
Off 
Off 
Off 
Off 
0 
0 
0 
1 
Off 
Blink 
Off 
Blink 
0 
0 
1 
0 
Blink 
Off 
Blink 
Off 


0 
1 
0 
0 
Blink 
Blink 
Blink 
Blink 
0 
1 
0 
1 
Blink 
Blink 
Blink 
Blink 
0 
1 
1 
0 
Blink 
Blink 
Blink 
Blink 


1 
0 
0 
0 
Off 
Off 
On 
On 
1 
0 
0 
1 
Off 
Blink 
On 
Blink 
1 
0 
1 
0 
Blink 
Off 
Blink 
On 


1 
1 
0 
0 
Blink 
Blink 
On 
On 
1 
1 
0 
1 
Blink 
Blink 
On 
Blink 
1 
1 
1 
0 
Blink 
Blink 
Blink 
On 


inter 


But we're not done yet. Each of the exterior turn signal 
(but not the dashboard) bulbs has a second, somewhat 
dimmer 
filament for the parking 
lights. Figure 
15 


shows TTL circuitry which could control all six bulbs. 
The signals labeled "High Freq." and "Low Freq." rep- 
resent two square-wave inputs. Basically, when one of 
the turn switches is closed or the emergency switch is 
activated the low frequency signal (about 1 Hz) is gated . 
through to the appropriate dashboard indicator(s) and 
turn signal(s). The rear signals are also activated when 
the brake pedal is depressed provided a turn is not be- 
ing made in the same direction. When the parking light 
switch is closed the higher frequency oscillator is gated 
to each front and rear turn signal, sustaining a low-in- 
tensity background level. (This is to eliminate the need 
for additional parking light filaments.) 


In most cars, the switching logic to generate these func- 
tions requires a number of multiple-throw contacts. As 
many as 18 conductors thread the steering column of 
some automobiles solely for turn-signal and emergency 
blinker functions. (The author discovered this recently 
to his astonishment 
and dismay when replacing the 


whole assembly because of one burned contact.) 


A multiple-conductor wiring harness runs to each cor- 
ner of the car, behind the dash, up the steering column, 
and down to the blinker relay below. Connectors at 


LO. 


FREQ. 


OSCILLATOR 


each termination for each filament lead to extra cost 
and labor during construction, 
lower reliability and 


safety, and more costly repairs. And considering the 
system's present complexity, increasing its reliability or 
detecting failures would be quite difficult. 


There are two reasons for going into such painful detail 
describing this example. First, to show that the messiest 
part of many system designs is determining what the 
controller should do. Writing the software to solve 
these functions will be comparatively easy. Secondly, to 
show the many potential failure points in the system. 
Later we'll see how the peripheral functions and intelli- 
gence built into a microcomputer (with a little creativi- 
ty) can greatly reduce external interconnections 
and 


mechanical part count. 


The circuit shown in Figure 16 indicates five input pins 
to the five input variables-left-turn 
select, right-turn 


select, brake pedal down, emergency switch on, and 
parking lights on. Six output pins turn on the front, 
rear, and dashboard indicators for each side. The mi- 
crocomputer implements all logical functions through 
software, which periodically updates the output signals 
as time elapses and input conditions change. 


HI. 
FREQ. 
OSCILLATOR 


inter 


EMERGENCY 
SWITCH 


PARKING 
lIGHTS 


Design Example '" 3 demonstrated that symbolic ad- 
dressing with user-defined bit names makes code and 
documentation easier to write and maintain. Accord- 
ingly, we'll assign these I/O 
pins names 
for use 


throughout the program. (The format of this example 
will differ somewhat from the others. Segments of the 
overall program will be presented in sequence as each is 
described.) 


INPUT PIN DECLARATIONS: 


;(ALL INPUTS ARE POSITIVE-TRUE 
LOGIC) 


BRAKE 
BIT Pl.O 
;BRAKE PEDAL 
;DEPRESSED 


EMERG 
BIT Pl.l 
;EMERGENCY BLINKER 
;ACTIVATED 


PARK 
BIT Pl.2 
;PARKING LIGHTS 
ON 


I_TURN BIT Pl.3 
;TURN LEVER DOWN 


R_TURN 
BIT Pl.4 
;TURN LEVER UP 


OUTPUT PIN DECLARATIONS: 


LFRNT 
BIT Pl.5 
;FRONT LEFT-TURN 
;INDICATOR 


R_FRNT 
BIT Pl.6 
;FRONT RIGHT-TURN 
;INDICATOR 


I_DASH BIT Pl.? 
;DASHBOARD LEFT-TURN 
;INDICATOR 


R_DASH 
BIT P2.0 
;DASHBOARD RIGHT- 
;TURN INDICATOR 


I_REAR BIT P2.1 
;REAR LEFT-TURN 
;INDICATOR 


R_REAR 
BIT P2.2 
;REAR RIGHT-TURN 
;INDICATOR 


Another key advantage of symbolic addressing will ap- 
pear further on in the design cycle. The locations of 
cable connectors, signal conditioning circuitry, voltage 
regulators, heat sinks, and the like all affect P.C. board 
layout. It's quite likely that the somewhat arbitrary pin 
assignment defined early in the software design cycle 
will prove to be less than optimum; rearranging the I/O 
pin assignment could well allow a more compact mod- 
ule, or eliminate costly jumpers on a single-sided board. 
(These considerations apply especially to automotive 
and other cost-sensitive applications 
needing single- 


chip controllers.) Since other architectures mask bytes 
or use "clever" algorithms to isolate bits by rotating 
them into the carry, re-routing an input signal (from bit 
I of port I, for example, to bit 4 of port 3) could require 
extensive modifications throughout the software. 


The Boolean Processor's direct bit addressing makes 
such changes absolutely trivial. The number of the port 
containing the pin is irrelevent, and masks and complex 


inter 


program structures 
are not needed. Only the initial 


Boolean variable declarations 
need to be changed; 
ASM51 automatically adjusts all addresses and symbol- 
ic references to the reassigned variables. The user is 
assured that no additional debugging or software verifi- 
cation will be required. 


;INTERRUPT RATE SUBDIVIDER 
SUB_DIV 
DATA 
20H 


;HIGH-FREQUENCY OSCILLATOR 
BIT 


HI_FREQ 
BIT 
SUB_DIV,O 


;LOW-FREQUENCY OSCILLATOR 
BIT 


LO_FREQ 
BIT 
SUB_DIV,7 


ORG 
INIT 


ORG 
lOOH 


;PUT TIMER 0 IN MODE 1 
INIT; 
MOV 
TMOD,#OOOOOOOIB 


;INITIALIZE TIMER REGISTERS 


MOV 
TLO,#O 


MOV 
THO,#-16 


;SUBDIVIDE INTERRUPT RATE BY 244 


MOV 
SUB_DIV,#244 


;ENABLE TIMER INTERRUPTS 


SETB 
ETO 


;GLOBALLY ENABLE ALL INTERRUPTS 


SETB 
EA 


;START TIMER 
SETB 
TRO 


;(CONTINUE WITH BACKGROUND 
PROGRAM) 


;PUT TIMER 0 IN MODE 1 
;INITIALIZE TIMER REGISTERS 


;SUBDIVIDE INTERRUPT RATE BY 244 
;ENABLE TIMER INTERRUPTS 
;GLOBALLY ENABLE ALL INTERRUPTS 
;START TIMER 


Timer 0 (one of the two on-chip timer counters) re- 
places the thermo-mechanical blinker relay in the dash- 
board controller. During system initialization it is con- 
figured as a timer in mode I by setting the least signifi- 
cant bit of the timer mode register (TMOD). In this 
configuration the low-order byte (TLO) is incremented 
every machine cycle, overflowing and incrementing the 
high-order byte (THO) every 256 fLs. Timer interrupt 0 
is enabled so that a hardware interrupt will occur each 
time THO overflows. 


An eight-bit variable in the bit-addressable RAM array 
will be needed to further subdivide the interrupts via 
software. The lowest-order bit of this counter toggles 
very fast to modulate the parking lights: bit 7 will be 


"tuned" to approximately I Hz for the turn- and emer- 
gency-indicator blinking rate. 


Loading THO with -16 will cause an interrupt 
after 


4.096 ms. The interrupt 
service routine reloads the 


high-order byte of timer 0 for the next interval, saves 
the CPU registers likely to be affected on the stack, and 
then 
decrements 
SUB_DIY. 
Loading 
SUB_DIY. 


with 244 initially and each time it decrements to zero 
will produce a 0.999 second period for the highest-or- 
der bit. 


ORG 
OOOBH 
;TlMER 0 SERVICE VECTOR 


MOV 
THO,#-16 
PUSH PSW 
PUSH ACC 
PUSH B 
DJNZ SUB_DIV,TOSERV 
MOV 
SUB_DIV,#244 


The code to sample inputs, perform calculations, and 
update outputs-the 
real "meat" of the signal control- 


ler algorithm-may 
be performed either as part of the 


interrupt service routine or as part of a background 
program loop. The only concern is that it must be exe- 
cuted at least serveral dozen times per second to pre- 
vent parking light flickering. We will assume the for- 
mer case, and insert the code into the timer 0 service 
routine. 


First, notice from the logic diagram (Figure IS) that 
the subterm (PARK. 
H_FREQ), 
asserted when the 


parking lights are to be on dimly, figures into four of 
the six output functions. Accordingly, 
we will first 


compute that term and save it in a temporary location 
named "DIM". The PSW contains two general purpose 
flags: FO, which corresponds to the 8048 flag of the 
same name, and PSW.l. Since the PSW has been saved 
and will be restored to its previous state after servicing 
the interrupt, we can use either bit for temporary stor- 
age. 


PSW.l 
;DECLARE TEMP 
;STORAGE FLAG 


MOV C,PARK 


ANL HLFREQ 


;GATE PARKING 
;LIGHT SWITCH 
;WITH HIGH 
;FREQUENCY 
;SIGNAL 
;AND SAVE IN 
;TEMP. VARIABLE 


This simple three-line section of code illustrates, a re- 
markable point. The software indicates in very abstract 
terms exactly what function is being performed, inde- 


these three bits include an input pin, a bit within a 
program variable, and a software flag in the PSW is 
totally invisible to the programmer. 


Now generate and output the dashboard left turn sig- 
nal. 


:SET 
CARRY IF 


;TURN 
;OR EMERGENCY 
;SELECTED 
;GATE 
IN 
1 HZ 


;SIGNAL 
;AND OUTPUT 
TO 


;DASHBOARD 


To generate the left front turn signal we only need to 
add the parking light function in FO.But notice that the 
function in the carry will also be needed for the rear 
signal. We can save effort later by saving its current 
state in FO. 


MOV FO,C 
;SAVE 
FUNCTION 


;SO 
FAR 


ORL C,DIM 
;ADD IN 
PARKING 


;LIGHT 
FUNCTION 


MOV L_FRNT,C 
;AND OUTPUT 
TO 


;TURN 
SIGNAL 


Finally, the rear left turn signal should also be on when 
the brake pedal is depressed, provided a left turn is not 
in progress. 


MOV C,BRAKE 
;GATE 
BRAKE 


;PEDAL 
SWITCH 


ANL C,L_TURN 
;WITH 
TURN 


;LEVER 
ORL C,FO 
;INCLUDE 
TEMP. 
;VARIABLE 
FROM DASH 


ORL C,DIM 


MOV L_REAR,C 


;AND PARKING 
;LIGHT 
FUNCTION 


;AND OUTPUT 
TO 


;TURN 
SIGNAL 


Now we have to go through a similar sequence for the 
right-hand equivalents to all the left-turn lights. This 
also gives us a chance to see how the code segments 
above look when combined. 


MOV C.R_TURN 
;SET 
CARRY H- 


:TURN 
ORL C.EMERG 
;OR EMERGENCY 
; SELECTED 


ANL C,LO_FREQ 
;IF 
SO. 
GATE IN 1 


;HZ 
SIGNAL 


MOV R_DASH.C 
;AND OUTPUT 
TO 


:DASHBOARD 


MOV FO.C 
;SAVE 
FUNCTION 


;SO 
FAR 
ORL C.DIM 
;ADD IN 
PARKING 


:LIGHT 
FUNCTION 


MOV R_FRNT.C 
;AND OUTPUT 
TO 


;TURN 
SIGNAL 


MOV C.BRAKE 
;GATE 
BRAKE 


;PEDAL 
SWITCH 


ANL C. 
R_TURN 
;WITH 
TURN 


;LEVER 
ORL C.FO 
;INCLUDE 
TEMP. 


;VARIABLE 
FROM 


;DASH 
ORL C.DIM 
;AND PARKING 
;LIGHT 
FUNCTION 


MOV R_REAR. C 
;AND OUTPUT 
TO 


;TURN 
SIGNAL 


(The perceptive reader may notice that simply rear- 
ranging the steps could eliminate one instruction from 
each sequence.) 


Now that all six bulbs are in the proper states, we can 
return from the interrupt routine, and the program is 
fmished. This code essentially needs to reverse the 
status saving steps at the beginning of the interrupt. 


Sub_Dlv Bits 
Duty Cycles 


7 
6 
5 
4 
3 
2 
1 
0 
12.5% 
25.0% 
37.5% 
50.0% 
62.5% 
75.0% 
87.5% 


X 
X 
X 
X 
X 
0 
0 
0 
Off 
Off 
Off 
Off 
Off 
Off 
Off 
X 
X 
X 
X 
X 
0 
0 
1 
Off 
Off 
Off 
Off 
Off 
Off 
On 
X 
X 
X 
X 
X 
0 
1 
0 
Off 
Off 
Off 
Off 
Off 
On 
On 
X 
X 
X 
X 
X 
0 
1 
1 
Off 
Off 
Off 
Off 
On 
On 
On 
X 
X 
X 
X 
X 
1 
0 
0 
Off 
Off 
Off 
On 
On 
On 
On 
X 
X 
X 
X 
X 
1 
0 
1 
Off 
Off 
On 
On 
On 
On 
On 
X 
X 
X 
X 
X 
1 
1 
0 
Off 
On 
On 
On 
On 
On 
On 
X 
X 
X 
X 
X 
1 
1 
1 
On 
On 
On 
On 
On 
On 
On 


inter 


;RESTORE CPU 
;REGISTERS. 


POP ACC 
pop PSW 
RETI 


Program Refinements. The luminescence of an incan- 
descent light bulb filament is generally non-linear: the 
50% duty cycle of HIJREQ 
may not produce the 


desired intensity. If the application requires, duty cy- 
cles of 25%, 75%, etc. are easily achieved by ANDing 
and ORing in additional low-order bits of SUB_DIY. 
For example, 30 H/ signals of seven different duty cy- 
cles could be produced by considering bits 2-0 as 
shown in Table 7. The only software change required 
would be to the code which sets-up variable DIM; 


MOV C,SUB_DIV.l;START 
WITH 50 


;PERCENT 


ANL C,SUB_DIV.O;MASK 
DOWN TO 25 
;PERCENT 


ORL C,SUB_DIV.2;AND 
BUILD BACK TO 
;62 PERCENT 


MOV DIM,C 
;DUTY CYCLE FOR 
;PARKING LIGHTS. 


Interconnections increase cost and decrease reliability. 
The simple buffered pin-per-function circuit in Figure 
16 is insufficient when many outputs require higher- 
than-TTL drive levels. A lower-cost solution uses the 
80SI serial port in the shift-register mode to augment 
I/O. In mode 0, writing a byte to the serial port data 
buffer (SBUF) causes the data to be output sequentially 
through the "RXD" 
pin while a burst of eight clock 


pulses is generated on the "TXD" pin. A shift register 
connected to these pins (Figure 17) will load the data 
byte as it is shifted out. A number of special peripheral 


driver circuits combining shift-register inputs with high 
drive level outputs have been introduced recently. 


Cascading multiple shift registers end-to-end will ex- 
pand the number of outputs even further. The data rate 
in the I/O expansion mode is one megabaud, or 8 IJos. 
per byte. This is the mode which the serial port defaults 
to following a reset, so no initialization is required. 


The software for this technique uses the B register as a 
"map" corresponding to the different output functions. 
The program manipulates these bits instead of the out- 
put pins. After all functions have been calculated the B 
register is shifted by the serial port to the shift-register 
driver. (While some outputs may glitch as data is shift- 
ed through them, at I Megabaud most people wouldn't 
notice. Some shift registers provide an "enable" bit to 
hold the output states while new data is being shifted 
in.) 


This is where the earlier decision to address bits sym- 
bolically throughout the program is going to payoff. 
This major 110 restructuring is nearly as simple to im- 
plement as rearranging the input pins. Again, only the 
bit declarations need to be changed. 


LFRNT 
BIT B.O 
;FRONT LEFT-TURN 
;INDICATOR 


R_FRNT 
BIT B.l 
;FRONT RIGHT-TURN 
;INDICATOR 


LDASH 
BIT B.2 
;DASHBOARD LEFT-TURN 
;INDICATOR 


R_DASH 
BIT B.3 
;DASHBOARD RIGHT-TURN 
;INDICATOR 


LREAR 
BIT B.4 
;REAR LEFT-TURN 
;INDICATOR 


R_REAR 
BIT B.5 
;REAR RIGHT-TURN 
;INDICATOR 


Figure 17. Output 
Expansion 
Using Serial Port 
2-59 


inter 


The original program to compute the functions need 
not change. After computing the output variables, the 
control map is transmitted to the butTered shift register 
through the serial port. 


The Boolean Processor solution holds a number of ad- 
vantages over older methods. Fewer switches are re- 
quired. Each is simpler, requiring fewer poles and lower 
current contacts. The flasher relay is eliminated entire- 
ly. Only six filaments are driven, rather than 10. The 
wiring harness is therefore simpler and less expensive- 
one conductor for each of the six lamps and each of the 
five sensor switches. The fewer conductors use far few- 
er connectors. The whole system is more reliable. 


And since the system is much simpler it would be feasi- 
ble to implement redundancy and or fault detection on 
the four main turn indicators. Each could still be a 


P1.5 


= 


P1.6 


P1.7 


P2.0 


P2.1 


P2.2 


+5V 


TO 


standard double filament bulb, but with the filaments 
driven in parallel to tolerate single-element failures. 


Even with redundancy, the lights will eventually fail. 
To handle this inescapable fact current or voltage sens- 
ing circuits on each main drive wire can verify that 
each bulb and its high-current 
driver is functioning 


properly. Figure 18 shows one such circuit. 


Assume all of the lights are turned on except one: i.e., 
all but one of the collectors are grounded. For the bulb 
which is turned otT, if there is continuity from + l2V 
through the bulb base and filament, the control wire, all 
connectors, and the P.C. board traces, and if the tran- 
sistor is indeed not shorted to ground, then the collec- 
tor will be pulled to + l2V. This turns on the base of 
Q8 through the corresponding resistor, and grounds the 
input pin, verifying that the bulb circuit is operational. 
The continuity of each circuit can be checked by soft- 
ware in this way. 


WIRING 
HARNESS 
I 


inter 


Now turn all the bulbs on, grounding all the collectors. 
Q7 should be turned off, and the Test pin should be 
high. However, a control wire shorted to + 12Y or an 
open-circuited drive transistor would leave one of the 
collectors at the higher voltage even now. This too 
would turn on Q7, indicating a different type offailure. 
Software could perform these checks once per second 
by executing the routine every time the software count- 
er SUB_DIY 
is reloaded by the interrupt routine. 


DJNZ SUB_DIV,TOSERV 
MOV SUB_DIV,#244 
ORL Pl,#lllOOOOOB 


ORL P2,#00000111B 
CLR LFRNT 


CLR 
L_DASH 


JB 
TO,FAULT 


SETB L_DASH 
CLR 
L_REAR 


JB 
TO,FAULT 


SETB L_REAR 
CLR 
R_FRNT 


JB 
TO,FAULT 


SETB R_FRNT 
CLR 
R_DASH 


JB 
TO,FAULT 


SETB R_DASH 
CLR 
R_REAR 


JB 
TO,FAULT 


SETB R_REAR 


;RELOAD COUNTER 
:SET CONTROL 
:OUTPUTS HIGH 


:FLOAT DRIVE 
:COLLECTOR 
:TO SHOULD BE 
:PULLED LOW 
:PULL COLLECTOR 
:BACK DOWN 


:WITH ALL COLLECTORS 
GROUNDED. 
TO 


SHOULD BE HIGH 
:IF SO. CONTINUE WITH INTERRUPT 
ROUTINE. 
JB 
TO,TOSERV 


FAULT: 
:ELECTRICAL 
:FAILURE 
:PROCESSING 
:ROUTINE 
:(LEFT TO 
:READER'S 
:IMAGINATION) 
o:CONTINUE WITH 
:INTERRUPT 
:PROCESSING 


The complete assembled program listing is printed in 
Appendix A. The resulting code consists of 67 program 
statements, not counting declarations and comments, 
which assemble into 150bytes of object code. Each pass 
through 
the service routine 
requires 
(coincidently) 


67 /Ls plus 32 /Ls once per second for the electrical test. 
If executed every 4 ms as suggested this software would 
typically reduce the throughput of the background pro- 
gram by less than 2%. 


Once a microcomputer has been designed into a system, 
new features suddenly become virtually free. Software 
could make the emergency blinkers flash alternately or 
at a rate faster than the turn signals. Turn signals could 
override the emergency blinkers. Adding more bulbs 
would allow multiple taillight sequencing and syncopa- 
tion-true 
flash factor, so to speak. 


Design Example # 5-Complex 
Control 


Functions 


Finally, we'll mix byte and bit operations to extend the 
use of 8051 into extremely complex applications. 


Programmers can arbitrarily assign I/O pins to input 
and output functions only if the total does not exceed 
32, which is insufficient for applications with a very 
large number of input variables. One way to expand the 
number of inputs is with a technique similar to multi- 
plexed-keyboard scanning. 


, 


Figure 19 shows a block diagram for a moderately com- 
plex programmable industrial controller with the fol- 
lowing characteristics: 
• 64 input variable sensors: 
• 
12 output signals: 


• Combinational and sequential logic computations: 
• Remote operation with communications to a host 


processor via a high-speed full-duplex serial link: 


• Two prioritized external interrupts: 
• Internal real-time and time-of-day clocks. 


While many microprocessors could be programmed to 
provide these capabilities with assorted peripheral sup- 
port chips, an 8051 microcomputer needs no other inte- 
grated circuits! 


The 64 input sensors are logically arranged as an 8x8 
matrix. The pins of Port I sequentially enable each col- 
umn of the sensor matrix: as each is enabled Port 0 
reads in the state of each sensor in that column. An 
eight-byte block in bit-addressable RAM remembers 
the data as it is read in so that after each complete scan 
cycle there is an internal map of the current state of all 
sensors. Logic functions can then directly address the 
elements of the bit map. 


XTALI 
12M.Z -- 
XTAL2 


SERIAL I 
RXD 
INTO 
I ASYNCHRONANS 
LINK , 
TXD 
INTI 
I INTERRUPTS 


RETURN 
8051 


LINES 
\ 
PH 


0 
8 
16 
24 
32 
40 
48 
PO.O 


PO.l 
P3.S 


P3.6 


2 
PO.2 
P3.7 


3 
8.8 
PO.3 


4 
SENSOR 
PO.4 
MATRIX 
P2.0 


5 
POS 
P2.1 


6 
PO.6 
P2.2 


7 
IS 
23 
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47 
PO.7 


• P2.3 


PH 


Pl.0 
P2.S 


Pl.l 
P2.6 


Pl.2 
P2.7 


Pl.3 


PH 


Pl.S 
ALE 
N.C. 


Pl.6 
PSEN 
N.C. 


PH 
/ 
VSS 
EA 


SCAN 
LINES 


The computer's serial port is configured as a nine-bit 
UART, transferring data at 17,000 bytes-per-second. 
The ninth bit may distinguish between address and data 
bytes. 


The 8051 serial port can be configured to detect bytes 
with the address bit set, automatically ignoring all oth- 
ers. Pins INTO and INTI are interrupts configured re- 
spectively as high-priority, falling-edge triggered and 
low-priority, low-level triggered. The remaining 12 I/O 
pins output TTL-Ievel control signals to 12 actuators. 


There are several ways to implement the sensor matrix 
circuitry, all logically similar. Figure 20a shows one 
possibility. Each of the 64 sensors consists of a pair of 
simple switch contacts in series with a diode to permit 
multiple contact closures throughout the matrix. 


The scan lines from Port I provide eight un-encoded 
active-high scan signals for enabling columns of the 
matrix. The return lines on rows where a contact is 
closed are pulled high and read as logic ones. Open 
return lines are pulled to ground by one of the 40 kfi 
resistors and are read as zeroes. (The resistor values 
must be chosen to ensure all return lines are pulled 
above the 2.0Y logic threshold, even in the worst-case, 


where all contacts in an enabled column are closed.) 
Since PO is provided open-collector outputs and high- 
impedance MOS inputs its input loading may be con- 
sidered negligible. 


The circuits in Figures 20b-2Od are variations on this 
theme. When input signals must be electrically isolated 
from the computer circuitry as in noisy industrial envi- 
ronments, phototransistors can replace the switch diode 
pairs and provide optical isolation as in Figure 20b. 
Additional opto-isolators could also be used on the con- 
trol output and special signal lines. 


The other circuits assume that input signals are already 
at TTL levels. Figure 20c uses .octal three-state buffers 
enabled by active-low scan signals to gate eight signals 
onto Port O. Port 0 is available for memory expansion 
or peripheral chip interfacing between sensor matrix 
scans. Eight-to-one multiplexers in Figure 20d select 
one of eight inputs for each return line as determined 
by encoded address bits output on three pins of Port 1. 
(Five more output pins are thus freed for more control 
functions.) Each output can drive at least one standard 
TTL or up to 10 low-power TTL loads without addi- 
tional buffering. 


Going back to the original matrix circuit, Figure 21 
shows the metliod used to scan the sensor matrix. Two 
complete bit maps are maintained in the bit-addressable 
region of the RAM: one for the current state and one 
for the previous state read for each sensor. If the need 
arises, the program could then sense input transitions 
and or debounce contact closures by comparing each 
bit with its earlier value. 


The code in Example 3 implements the scanning algo- 
rithm for the circuits in Figure 20a. Each column is 
enabled by setting a single bit in a field of zeroes. The 
bit maps are positive logic: ones represent contacts that 
are closed or isolators turned on. 


Example 
3. 
INPUT_SCAN: 
;SUBROUTINE 
TO READ 


;CURRENT STATE 
;OF 64 
SENSORS AND 


;SAVE IN RAM 20H-27H 


MOV RO,#20H 
;INITIALIZE 
;POINTERS 


MOV Rl,#28H 
;FOR BIT 
MAP 


;BASES 


MOV A,#80H 
;SET 
FIRST 
BIT 


;IN 
ACC 


SCAN; 
MOV Pl,A 
;OUTPUT TO SCAN 
;LINES 


RR 
A 
;SHIFT 
TO ENABLE 


;NEXT COLUMN 
;NEXT 


MOV R2,A 
;REMEMBER CUR- 
;RENT SCAN 
;POSITION 


MOV A,PO 
;READ RETURN 
;LINES 


XCH A,@RO 
;SWITCH 
WITH 


;PREVIOUS 
MAP 


;BITS 


MOV @Rl,A 
;SAVE PREVIOUS 
;STATE 
AS WELL 


INC RO 
;BUMP POINTERS 


INC 
Rl 
MOV A,R2 
;RELOAD SCAN 
;LINE 
MASK 


JNB ACC,7;SCAN;LOOP 
UNTIL 
ALL 


;EIGHT 
COLUMNS 


;READ 


inter 
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1+ 1-+ I 


"56" 
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a.) Using Switch Contact/Diode 
Matrix 


Figure 20. Sensor Matrix Implementation 
Methods 
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b.) Using Optically-Coupled 
Isolators 


Figure 20. Sensor Matrix Implementation 
Methods 
(Continued) 
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c.) Using TTL Three-State 
Buffers 


Figure 20. Sensor Matrix Implementation 
Methods 
(Continued) 
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d.) Using TTL Data Selectors 


Figure 20. Sensor MatrIx Implementation 
Methods 
(Continued) 


venting some artificial design problem, software corre- 
sponding to commonplace logic elements will be dis- 
cussed. 


INITIALIZE 
MAP 
BUFFER 
POINTERS 
AND 
SCAN 
MASK 


Combinatorial Output Variables. An output 
variable 


which is a simple (or not so simple) combinational 
function of several input variables is computed in the 
spirit of Design Example 3. All 64 inputs are represent- 
ed in the bit maps: in fact, the sensor numbers in Figure 
20 correspond to the absolute bit addresses in RAM! 
The code in Example 4 activates an actuator connected 
to P2.2 when sensors 12, 23, and 34 are closed and 
sensors 45 and 56 are open. 


OUTPUT 
SCAN 
MASK 
TO SCAN 
LINES: 


STORE 
SHinED 
MASK 


Example 4. 
Simple Combinatorial Output Variables. 


READ 
RETURN 
LINES 
AND 
UPDATE 
BIT MAPS 


;SET P2.2=(12) 
(23) (34) ( 45) ( 56) 


MOV 
C,12 
ANL 
C,23 
ANL 
C,34 
ANL 
C, 45 
ANL 
C, 
56 
MOV 
P2.2,C 


Intermediate 
Variables. The examination of a typical 


relay-logic ladder diagram will show that many of the 
rungs control not outputs but rather relays whose con- 
tacts figure into the computation of other functions. In 
effect, these relays indicate the state of intermediate 
variables of a computation. 


The MCS-5l solution can use any directly addressable 
bit for the storage of such intermediate variables. Even 
, 


when all 128 bits of the RAM array are dedicated (to 
input bit maps in this example), the accumulator, PSW, 
and B register provide 18additional flags for intermedi- 
ate variables. 


For example, suppose switches 0 through 3 control a 
safety interlock system. Closing any of them should de- 
activate certain outputs. Figure 22 is a ladder diagram 
for this situation. The interlock function could be re- 
computed for every output affected, or it may be com- 
puted once and save (as implied by the diagram). As 
the program proceeds this bit can qualify each output. 


Figure 21. Flowchart for 
Reading In Sensor Matrix 


What happens after the sensors have been scanned de- 
pends on the individual application. Rather than in- 


Example 5. Incorporating Override signal into actu- 
ator outputs. 


CALL INPUT_SCAN 


MOV C,O 
ORL C,l 
ORL C,2 
ORL C,3 
MOV FO,C 


ANL C, FO 
MOV PLO,C 


ANL C, FO 
MOV Pl,l,C 


ANL C, FO 
MOV Pl,2,C 


Figure 22. Ladder 
Diagram 
for 


Output Override 
Circuitry 


Latching Relays. A latching relay can be forced into 
either the ON or OFF state by two corresponding input 
signals, where it will remain until forced onto the oppo- 
site state-analogous 
to a TIL SetlReset flip-flop. The 


relay is used as an intermediate variable for other calcu- 
lations. In the previous example, the emergency condi- 
tion could be remembered and remain active until an 
"emergency cleared" button is pressed. 


Any flag or addressable bit may represent a latching 
relay with a few lines of code (see Example 6). 


;I_SET SET FLAG 0 IF C=l 
LSET: 
ORL C,FO 
MOV FO,C 


;I_RSET RESET FLAG 0 IF C=l 
LRSET: 
CPS C 
ANL C,FO 
MOV FO,C 


Time Delay Relays. A time delay relay does not re- 
spond to an input signal until it has been present (or 
absent) for some predefined time. For example, a bal- 
last or load resistor may be switched in series with a 
D.C. motor when it is first turned on, and shunted from 
the circuit after one second. This sort of time delay may 
be simulated by an interrupt routine driven by one of 
the two 8051 timer counters. The procedure followed 
by the routine depends heavily on the details of the 
exact function needed: time-outs or time delays with 
resettable or non-resettable inputs are possible. If the 
interrupt routine is executed every 10 milliseconds the 
code in Example 7 will clear an intermediate variable 
set by the background program after it has been active 
for two seconds. 


Example 7. Code to clear USRFLG after a fixed 
time delay. 


JNB 
USR_FLG,NXTTST 


DJNZ DLAY_COUNT,NXTTST 
CLR 
USR_FLG 
MOV 
DLAY_COUNT,#200 


inter 


Serial Interface to Remote Processor. When it detects 
emergency 
conditions 
represented 
by certain 
input 


combinations (such as the earlier Emergency Override), 
the controller could shut down the machine immediate- 
ly and/or 
alert the host processor via the serial port. 
Code bytes indicating the nature of the problem could 
be transmitted to a central computer. In fact, at 17,000 
bytes-per-second, the entire contents of both bit maps 
could be sent to the host processor for further analysis 
in less than a millisecond! If the host decides that con- 
ditions warrant, it could alert other remote processors 
in the system that a problem exists and specify which 
shut-down sequence each should initiate. For more in- 
formation on using the serial port, consult the MCS-5l 
User's Manual. 


One difference between relay and programmed indus- 
trial controllers (when each is considered as a "black 
box") is their respective reaction times to input chang- 
es. As reflected by a ladder diagram, relay systems con- 
tain a large number of "rungs" operating in parallel. A 
change in input 
conditions 
will begin propagating 


through the system immediately, possibly affecting the 
output state within milliseconds. 


Software, on the other hand, operates sequentially. A 
change in input states will not be detected until the next 
time an input scan is performed, and will not affect the 
outputs until that section of the program is reached. 
For that reason the raw speed of computing the logical 
functions is of extreme importance. 


Here the Boolean processor pays off. Every instruction 
mentioned in this Note completes in one or two micro- 
seconds-the 
minimum instruction execution time for 


many other microcontrollers! A ladder diagram con- 
taining a hundred rungs, with an average of four con- 
tacts per rung can be replaced by approximately five 
hundred lines of software. A complete pass through the 
entire matrix scanning routine and all computations 
would require about a millisecond: less than the time it 
takes for most relays to change state. 


A programmed controller which simulates each Boole- 
an function with a subroutine would be less efficient by 
at least an order of magnitude. Extra software is needed 
for the simulation routines, and each step takes longer 
to execute for three reasons: several byte-wide logical 
instructions are executed per user program step (rather 
than one Boolean operation): most of those instructions 
take longer to execute with microprocessors performing 
multiple off-chip accesses: and calling and returning 
from the various subroutines 
requires overhead for 


stack operations. 


In fact, the speed of the Boolean Processor solution is 
likely to be much faster than the system requires. The 
CPU might use the time left over to compute feedback 
parameters, 
collect and analyze execution statistics, 


perform system diagnostics, and so forth. 


With the building-block basics mentioned above many 
more operations may be synthesized by short instruc- 
tion sequences. 


Exclusive-OR. There are no common mechanical devic- 
es or relays analogous to the Exclusive-OR operation, 
so this instruction 
was omitted 
from the Boolean 


Processor. However, the Exclusive-OR or Exclusive- 
NOR operation may be performed in two instructions 
by conditionally complementing the carry or a Boolean 
variable based on the state of any other testable bit. 


;EXCLUSIVE-;OR 
FUNCTION 
IMPOSED 
ON CARRY 


;USING FO IS INPUT 
VARIABLE. 


;XOR_FO: 
JNB FO,XORCNT 
;("JB" FOR 
X-NOR) 


CPL C 
;XORCNT: 
••• 
••••• 


XGn. The contents of the carry and some other bit may 
be exchanged (switched) by using the accumulator as 
temporary storage. Bits can be moved into and out of 
the 
accumulator 
simultaneously 
using 
the 
Rotate- 


inter 


through-carry instructions, though this would alter the 
accumulator data. 


;EXCHANGE CARRY WITH USRFLG 
XCHBIT: RLC 
A 


MOV 
C,USR_FLG 


RRC 
A 


MOV 
USR_FLG,C 


RLC 
A 


Extended Bit Addressing. The 8051 can directly address 
144 general-purpose bits for all instructions in Figure 
3b. Similar operations may be extended to any bit any- 
where on the chip with some loss of efficiency. 


The logical operations AND, OR, and Exclusive-OR 
are performed on byte variables using six different ad- 
dressing modes, one of which lets the source be an im- 
mediate mask, and the destination any directly address- 
able byte. Any bit may thus be set, cleared, or comple- 
mented with a three-byte, two-cycle instruction if the 
mask has all bits but one set or cleared. 


Byte variables, registers, and indirectly addressed RAM 
may be moved to a bit addressable register (usually the 
accumulator) in one instruction. Once transferred, the 
bits may be tested with a conditional jump, allowing 
any bit to be polled in 3 microseconds-still 
much fast- 


er than most architectures--or 
used for logical calcula- 


tions. (This technique can also simulate additional bit 
addressing modes with byte operations.) 


Parity of bytes or bits. The parity of the current accu- 
mulator contents is always available in the PSW, from 
whence it may be moved to the carry and further 
processed. Error-correcting Hamming codes and simi- 
lar applications require computing parity on groups of 
isolated bits. This can be done by conditionally comple- 
menting the carry flag based on those bits or by gather- 
ing the bits into the accumulator (as shown in the DES 
example) and then testing the parallel parity flag. 


Though the 8051 serial port can accommodate eight- or 
nine-bit data transmissions, 
some protocols 
involve 


much longer bit streams. The algorithms presented in 


Design Example 2 can be extended quite readily to 16 
or more bits by using multi-byte input and output buff- 
ers. 


Many mass data storage peripherals and serial commu- 
nications protocols include Cyclic Redundancy (CRe) 
codes to verify data integrity. The function is generally 
computed serially by hardware using shift registers and 
Exclusive-OR gates, but it can be done with software. 
As each bit is received into the carry, appropriate bits 
in the multi-byte data buffer are conditionally comple- 
mented based on the incoming data bit. When finished, 
the CRC register contents may be checked for zero by 
ORing the two bytes in the accumulator. 


A truly unique facet of the Intel MCS-5I microcomput- 
er family design is the collection of features optimized 
for the one-bit operations so often desired in real-world, 
real-time control applications. Included are 17 special 
instructions, a Boolean accumulator, implicit and direct 
addressing modes, program and mass data storage, and 
many I/O options. These are .the world's first single- 
chip microcomputers able to efficiently manipulate, op- 
erate on, and transfer either bytes or individual bits as 
data. 


This Application Note has detailed the information 
needed by a microcomputer system designer to make 
full use of these capabilities. Five design examples were 
used to contrast the solutions allowed by the 8051 and 
those required by previous architectures. Depending on 
the individual application, the 8051 solution will be eas- 
ier to design, more reliable to implement, debug, and 
verify, use less program memory, and run up to an or- 
der of magnitude faster than the same function imple- 
mented on previous digital computer architectures. 


Combining byte- and bit-handling capabilities in a sin- 
gle microcomputer has a strong synergistic effect: the 
power of the result exceeds the power of byte- and bit- 
processors laboring individually. Virtually all user ap- 
plications will benefit in some way from this duality. 
Data intensive applications will use bit addressing for 
test pin monitoring or program control flags: control 
applications will use byte manipulation for parallel I/O 
expansion or arithmetic calculations. 


It is hoped that these design examples give the reader 
an appreciation of these unique features and suggest 
ways to exploit them in his or her own application. 
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91 
144 
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.....• 
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N DSEG 
0020H 
41. 
42 
43 
62 
69 
70 
104 
105 
106 
TO 
N BSEG 
00B4H 
75 78 
81 
84 
87 
90 
96 
TOSERV 
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1'4 
DSEG 
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N DSEG 
0089H 
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1'4 
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L CSEG 
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This is the third application 
note that Intel has produced 


on CRT terminal 
controllers. 
The first Ap Note (ref. 
I), 
written 
in 1977, used the 8080 as the CPU and required 


41 packages 
including 
II LSI devices. 
In 1979, another 


application 
note (ref. 2) using the 8085 as the controller 


was produced 
and the chip count decreased 
to 20 with II 


LSI devices. 


Advancing 
technology 
has integrated 
a complete 
system 


onto a single device that contains 
a CPU, program mem- 


ory, data memory, 
serial communication, 
interrupt 
con- 
troller, 
and I/O. These "computer-on-a-chip" 
devices are 


known 
as microcontrollers. 
Intel's 
MCS~-51 
microcon- 


troller was chosen for this application 
because of its highly 
integrated 
functions. 
This CRT terminal 
design 
uses 
12 


packages 
with only 4 LSI devices. 


This application 
note has been divided 
into five general 


sections: 


I) CRT Terminal 
Basics 
2) 8051 Description 
3) 8276 Description 
4) Design 
Background 


5) System 
Description 


A terminal 
provides 
a means for humans to communicate 


with a computer. 
Terminals 
may be as simple as a LED 


display 
and a couple 
of push buttons, 
or it may be an 


elaborate 
graphics 
system 
that contains 
a full function 


keyboard 
with user programmable 
keys, color CRT and 


several 
processors 
controlling 
its functions. 
This appli- 


cation note describes 
a basic low cost terminal containing 


a black 
and white CRT display, 
full function 
keyboard 


and a serial interface. 


A raster 
scan CRT displays 
its images 
by generating 
a 


series 
of lines (raster) 
across 
the face of the tube. 
The 


electron 
beam 
usually 
starts 
at the top left hand comer 


moves left to right, back to the left of the screen, 
moves 
down one row and continues 
on to the right. This is re- 
peated until the lower right hand of the screen is reached. 
Then 
the beam 
returns 
to the top left hand comer 
and 


refreshes 
the screen. 
The beam forms a zigzag pattern as 


shown in Figure 2.1.0. 


Two independent 
operating circuits control this movement 


across 
the screen. 
The horizontal 
oscillator 
controls 
the 


left to right motion of the beam while the vertical controls 
the top to bottom 
movement. 
The vertical oscillator 
also 


tells the beam when to return to the upper left hand comer 
or "home" 
position. 


,<;\.~------:- 
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As the electron 
beam moves across the screen under the 


control of the horizontal 
oscillator, 
a third circuit controls 


the current entering 
the electron gun. By varying the cur- 


rent, the image may be made as bright or as dim as the 
user desires. 
This control 
is also used to turn the beam 


off or "blank 
the screen". 


When the beam reaches the right hand side of the screen, 
the beam is blanked 
so it does not appear on the screen 


as it returns to the left side. This "retrace" 
of the beam 


is at a much faster rate than it traveled 
across the screen 


to generate 
the image. 


The time it takes to scan the whole screen and return to 
the home 
position 
is referred 
to as a "frame". 
In the 


United States, commercial 
television 
broadcast uses a hor- 


izonal sweep frequency 
of 15,750Hz 
which calculates 
out 


to 63.5 
microseconds 
per line. The frame time is equal 


to 16.67 milliseconds 
or 60Hz vertical 
sweep frequency. 


Although 
this is the commercial 
standard, 
many CRT dis- 


plays 
operate 
from 
18KHz 
to 30KHz 
horizonatal 
fre- 


quency. As the horizontal 
frequency 
increases, 
the number 


of lines per frame 
increases. 
This 
increase 
in lines or 


resolution 
is needed 
for graphic 
displays 
and on special 


text editors that display many more lines of text than the 
standard 
24 or 25 character 
lines. 


Since the United 
States operates 
on a 60Hz A.C. 
power 


line frequency, 
most CRT monitors 
use 60Hz as the ver- 
tical frequency. 
The use of 60Hz as the vertical frequency 


allows the magnetic and electrical variations that can mod- 
ulate the electron 
beam to be synchronized 
with the dis- 
play, 
thus they go unnoticed. 
If a frequency 
other than 


60Hz is used, 
special 
shielding 
and power 
supply regu- 


inter 


lating 
is usually 
required. 
Very few CRTs operate 
on a 


vertical 
frequency 
other than 60Hz due to the increase 
in 


the overall 
system cost. 


The CRT controller 
must generate 
the pulses that define 


the horizontal 
and vertical 
timings. 
On most raster scan 


CRTs 
the 
horizontal 
frequency 
may 
vary 
as much 
as 


500Hz without any noticeable 
effect on the quality of the 


display. 
This variation 
can change 
the number 
of hori- 


zontal lines from 256 to 270 per frame. 


The CRT controller 
must also shift out the information 
to 


be displayed serially to the circuit that controls the electron 
beam's 
intensity as it scans across the screen. The circuits 


that control 
the timing associated 
with the shifting of the 


information 
are known as the dot clock and the character 


clock. 
The character 
clock frequency 
is equal to the dot 


clock frequency 
divided 
by the number of dots it takes to 


form 
a character 
in the horizontal 
axis. 
The dot clock 


frequency 
is calculated 
by the following 
equation: 


Dot Clcok (Hz) 
= (N + R)*D*L *F 


where 


N is the number 
of displayed 
characters 
per row, 
R is the number of character 
times for the retrace, 
D is the number 
of dots per character 
in the hori- 


zontal axis, 
L is the number of horizontal 
lines per frame, 
F is the frame rate in Hz. 


In this 
design 
N = 80, 
R = 20, 
D = 7, L = 270, 
and 


F =60Hz. 
Plugging 
in the numbers 
results in a dot clock 


frequency 
of 11.34MHz. 


The retrace 
number 
may vary on each design because 
it 


is used to set the left and right hand margins on the CRT. 
The number of dots per character is chosen by the designer 
to meet the system needs. In this design, a 5 x 7 dot matrix 
and 2 blank dots between each character (see Figure 2.1.1) 
makes D equal to 5 + 2 = 7. 


The following 
equation 
can be used to figure the number 


of lines per frame: 


where 
H is the number 
of horizontal 
lines per character, 


Z is the number 
of character 
lines per frame, 


V is the number 
of horizontal 
line times during the 


vertical 
retrace 


In this design 
H is equal 
to the 7 horizontal 
dots 
per 


character 
plus 3 blank dots between each row which adds 


up to 10. Also 25 lines of characters 
are displayed, 
so 


Z = 25. The vertical retrace time is variable to set the top 
and bottom margins on the CRT and in this design is equal 
to 20. Plugging 
in the numbers 
gives L = 270 lines per 


frame. 


A keyboard 
is the common way a human enters commands 


and data to a computer. 
A keyboard 
consists 
of a matrix 


of switches 
that are scanned every couple of milliseconds 


by a keyboard 
controller 
to determine 
if one of the keys 


has been pressed. 
Since the keyboard 
is made up of me- 


chanical 
switches 
that 
tend 
to bounce 
or 
"make 
and 


break" 
contact 
every time they are pressed, 
debouncing 
of the switches 
must also be a function 
of the keyboard 


controller. 
There 
are dedicated 
keyboard 
controllers 


available 
that do everything 
from scanning the keyboard, 


debouncing 
the keys, 
decoding 
the ASCII code for that 


key closure to flagging the CPU that a valid key has been 
depressed. 
The keyboard 
controller 
may present 
the in- 


formation 
to the CPU in parallel 
form or in a serial data 
stream. 


This Application 
Note integrates 
the function 
of the key- 


board controller 
into the 8051 which is also the terminal 
controller. 
Provisions 
have been 
made 
to interface 
the 


8051 to a keyboard 
that uses a dedicated 
keyboard 
con- 


troller. 
The 8051 can accept data from the keyboard 
con- 


troller in either parallel 
or serial format. 


Communication 
between 
a host computer 
and the CRT 


terminal 
can be in either 
parallel 
or serial data format. 


Parallel 
data transmission 
is needed 
in high end graphic 


terminals 
where 
great 
amounts 
of information 
must be 


transferred. 


One can rarely 
type faster than 
120 words 
per minute, 


which corresponds 
to 12 characters 
per second or I char- 


acter per 83 milliseconds. 
The utilization 
of a parallel port 


cannot justify 
the cost associated 
with the drivers and the 


amount of wire needed to perform this transmission. 
Full 


duplex 
serial data transmission 
requires 
3 wires and two 
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drivers to implement 
the communication 
channel between 


the host computer 
and the terminal. 
The data rate can be 


as high as 19200 BAUD in the asynchronous 
serial format. 


BAUD rate is the number 
of bits per second received or 


transmitted. 
In the asynchronous 
serial format, 
10 bits of 


information 
is required 
to transmit 
one character. 
One 


character 
per 500 microseconds 
or 1,920 characters 
per 


second would then be trasmitted 
using 19.2 KBAUD. 


This application 
note uses the 8051 serial port configured 


for full duplex asynchronous 
serial data transmission. 
The 


software for the 8051 has been written to support variable 
BAUD 
rates from 150 BAUD up to 9.6 KBAUD. 


The 
8051 
is a single 
chip high-performance 
microcon- 


troller. 
A block 
diagram 
is shown 
in figure 3.0.0. 
The 


8051 combines 
CPU; Boolean processor; 
4K x 8 ROM: 
128 
x 
8 RAM; 
32 110 lines; two 
16-bit timer! event 


counters; 
a five-source, 
two-priority-Ievel, 
nested 
inter- 


rupt structure; 
serial 
110 port for either 
multiprocessor 


communications, 
110 expansion, 
or full duplex 
UART; 
and on-chip 
oscillator 
and clock circuits. 


Efficient use of program 
memory results from an instruc- 


tion set consisting 
of 49 single-byte, 
45 two-byte 
and 17 


three-byte 
instructions. 
Most 
arithmetic, 
logical 
and 


branching 
operations 
can be performed 
using an instruc- 


tion that appends 
either a short address or a long address. 


For example, 
branches 
may use either 
an offset 
that is 


relative 
to the program 
counter 
which takes two bytes or 


a direct 16-bit address which takes three bytes to perform. 
As a result, 64 instructions 
operate in one machine cycle, 


45 in two machine 
cycles, 
and the multiply 
and divide 


instruction 
execute 
in 4 machine 
cycles. 


The 8051 has five addressing 
modes for source operands: 


Register, 
Direct, 
Register-Indirect, 
Immediate, 
and 


Based-Register-plus 
Index-Register-Indirect 
Addressing. 


The Boolean 
Processor 
can be thought 
of as a separate 


one-bit 
CPU. 
It has its own accumulator 
(the carry bit), 


instruction 
set for data moves, 
logic, and control transfer, 


and 
its own 
bit addressable 
RAM 
and 
110. 
The 
bit- 


manipulating 
instructions 
provide 
optimum 
code 
and 


speed 
efficiency 
for handling 
on chip 
peripherals. 
The 


inter 


Boolean processor 
also provides 
a straight forward means 
of converting 
logic equations directly into software. 
Com- 


plex combinational 
logic functions can be resolved without 


extensive 
data 
movement, 
byte 
masking, 
and test-and- 


branch trees. 


The CPU manipulates 
operands 
in four memory 
spaces. 
These are the 64K-byte 
Program 
Memory, 
64K-byte 
Ex- 
ternal Data Memory, 
I28-byte Internal Data Memory, 
and 


128-byte 
Special 
Function 
Registers 
(SFRs). 
Four Reg- 


ister Banks (each with 8 registers), 
128 addressable 
bits, 
and the Stack reside in the internal Data RAM. The Stack 
size is limited 
only by the available 
Internal 
Data RAM 


and its location 
is determined 
by the 8-bit Stack Pointer. 
All registers 
except for the Program 
Counter and the four 


8-Register 
Banks reside in the SFR address space. These 


memory 
mapped 
registers 
include 
arithmetic 
registers, 
pointers, 
VO ports, and registers for the interrupt system, 
timers, 
and serial channel. 


Registers 
in the four 8-Register 
Banks can be addressed 


by 
Register, 
Direct, 
or Register-Indirect 
Addressing 


modes. 
The 
128 bytes of internal 
Data Memory 
can be 


addressed 
by Direct or Register-Indirect 
modes while the 


SFRs are only addressed 
directly. 


The 8051 has instructions 
that can treat the 32 VO lines 
as 32 individually 
addressable 
bits or as 4 parallel 
8-bit 


ports addressable 
as Ports 0, I, 2, and 3. 


Reselling 
the 8051 writes a logical 
I to each pin on port 0 


which 
places 
the output 
drivers 
into a high-impedance 


mode. Writing a logical 0 to a pin forces the pin to ground 
and sinks current. 
Re-writing 
the pin high will place the 


pin in either an open drain output or high-impedance 
input 


mode. 


Ports 
I, 2, and 3 are known 
as quasi-bidirectional 
VO 


pins. Reselling 
the device writes a logical one to each pin. 
Writing a logical 0 to the pin will force the pin to ground 
and sink current. 
Re-writing 
the pin high will place the 


pin in an output mode with a weak depletion 
pullup FET 


or in the input 
mode. 
The 
weak 
pullup 
FET 
is easily 


overcome 
by a TTL output. 


Ports 0 and 2 can also be used 
for off-chip 
peripheral 


expansion. 
Port 0 provides 
a multiplexed 
low-order 
ad- 
dress and data bus while Port 2 contains 
the high-order 


address 
when using 
external 
Program 
Memory 
or more 


than 256 byte external 
Data Memory. 


Port 3 pins can also be used to provide external 
interrupt 


request 
inputs, 
event counter 
inputs, 
the serial port TXD 


and RXD pins and to generate 
control 
signals 
used for 


writing and reading 
external 
peripherals. 


External 
events 
and the real-time-driven 
on-chip 
periph- 


erals require 
service by the CPU asynchronous 
to the ex- 


ecution 
of any particular 
section 
of code. 
A five-source, 


two-level, 
nested interrupt system ties the real time events 


to the normal program 
execution. 


The 8051 has two external interrupt sources, 
one interrupt 


from each of the two timer/counters, 
and an interrupt from 


the serial port. 
Each interrupt 
vectors 
the program 
exe- 


cution 
to its own unique 
memory 
location 
for servicing 


the interrupt. 
In addition, 
each of the five sources can be 


individually 
enabled 
or disabled 
as well as assigned 
to 


one of the two interrupt 
priority 
levels available 
on the 


8051. 


Up to two additional 
external 
interrupts 
can be created by 


configuring 
a timer/counter 
to the event counter mode. In 


this mode the timer/counter 
increments 
on command 
by 


either the TO or Tl 
pin. An interrupt 
is generated 
when 


the timer/counter 
overflows. 
Thus if the timer/counter 
is 


loaded 
with the maximum 
count, 
the next high-to-Iow 


transition of the event counter input will cause an intenupt 
to be generated. 


The 8051' s serial port is useful for linking peripheral 
de- 
vices 
as well as multiple 
8051s through 
standard 
asyn- 


chronous 
protocols 
with full duplex operation. 
The serial 


port also has a synchronous 
mode for expansion 
of 110 


lines using shift registers. 
This hardware 
serial port saves 


ROM code and permits 
a much higher transmission 
rate 


than could be achieved 
through 
software. 
The processor 


merely needs to read or write the serial buffer in response 
to an interrupt. The receiver is double buffered to eliminate 
the possibility 
of overrun 
if the processor 
failed to read 


the buffeJ before the beginning 
of the next frame. 


The 
full duplex 
asynchronous 
serial 
port 
provides 
the 


means 
of communication 
with standard 
UART 
devices 


such as CRT terminals 
and printers. 


The reader should refer to the microcontroller 
handbook 


for a complete 
discussion 
of the 8051 
and its various 


modes of operation. 


The 8276's block diagram and pin configuration 
are shown 


in Figure 4.0.0. 
The following 
sections describe 
the gen- 


eral capabilities 
of the 8276. 
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The 8276, 
having 
been programmed 
by the system 
de- 


signer for a specific 
screen format, 
generates 
a series of 


Buffer Ready 
signals. 
A row of characters 
is then trans- 


ferred by the system controller 
from the display memory 


to the 8276's 
row buffers. 
The row buffers are filled by 


deselecting 
the 8276 CS and asserting 
the BS and WR 


signals. 
The 8276 presents 
the character 
codes to an ex- 


ternal 
character 
generator 
ROM 
by using 
outputs 


CCG--CC6. The parallel data from the outputs of the char- 
acter generator 
is converted 
to serial information 
that is 


clocked 
by external 
dot timing logic into the video input 


of the CRT. 


The character 
rows are displayed 
on the CRT one line at 


a time. 
Line count outputs 
LCG--LC3 select the current 


line information 
from the character 
generator 
ROM. The 


display process is illustrated 
in Figure 4.1.0. 
This process 


is repeated 
for each display 
character 
row. At the begin- 


ning of the last display row the 8276 generates an interrupt 
request by raising its INT output line . The interrupt request 


is used by the 8051 system 
controller 
to reinitialize 
its 


load buffer pointers 
for the next display 
refresh cycle. 


Proper CRT refreshing 
requires 
that certain 
8276 param- 


eters be programmed 
at system 
initialization 
time. 
The 


8276 has two types of internal 
registers; 
the write only 


Command 
(CREG) and Parameter 
(PREG) Registers, 
and 


the read only Status Register 
(SREG). 
The 8276 expects 


to receive a command 
followed 
by 0 to 4 parameter 
bytes 


depending 
on the command. 
A summary 
of the 8276's 


instruction 
set is shown 
in Figure 
4.1.1. 
To access the 


registers, 
CS must be asserted along with WR or RD. The 


status of the C/P pin determines 
whether the command 
or 


parameter 
registers 
are selected. 


The 8276 
allows 
the designer 
flexibility 
in the display 


formal. 
The display 
may be from I to 80 characters 
per 


row, 
I to 64 rows per screen, and I to 16 hori:z:ontallines 


per character 
row. 
In addition, 
four curser 
formats 
are 


available; 
blinking, 
non-blinking, 
underline, 
and reverse 


video. 
The curser position 
is programmable 
to anywhere 


on the screen via the Load Curser command. 
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The 8276 provides 
two timing outputs for controlling 
the 


CRT. The Horizontal 
Retrace Timing and Control (HRTC) 


and Vertical 
Retrace Timing and Control (VRTC) signals 


are used for synchronizing 
the CRT horizontal 
and vertical 


oscillators. 
A third output, 
VSP (Video 
Suppress), 
pro- 


vides a signal to the dot timing 
logic to blank the video 


signal during 
the horizontal 
and vertical 
retraces. 
LTEN 


(Light Enable) 
is used to provide 
the ability to force the 


video output high regardless 
of the state of the VSP signal. 


This feature is used to place the cursor on the screen and 
to control 
attribute 
functions. 


RVV (Reverse 
Video) 
output, 
if enabled, 
will cause the 


system to invert its video output. 
The fifth timing signal 


output, HLGT (highlight) 
allows the flexibility to increase 


the CRT beam intensity 
to a greater than normal level. 
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NO. OF 
PARAMETER 


COMMAND 
BYTES 
NOTES 


RESET 
4 
Display 
format 
parameters 
required 


START 
0 
DMA operation 


DISPLAY 
parameters 
included 
in 


command 


STOP 
0 
- 


DISPLAY 


RED LIGHT 
2 
- 


PEN 


LOAD 
2 
Cursor 
X, Y position 


CURSOR 
parameters 
required 


ENABLE 
0 
- 


INTERRUPT 


DISABLE 
0 
- 


INTERRUPT 


PRESET 
0 
Clears 
all internal 


COUNTERS 
counters 


4.3 
Special Functions 


4.3.1 
Special Codes 


The 8276 recognizes 
four special codes that may be used 


to reduce 
memory, 
software, 
or system controller 
over- 


head. These characters 
are placed within the display mem- 


ory by the system controller. 
The 8276 performs 
certain 


tasks 
when 
these 
codes 
are received 
in its row buffer 


memory. 


I) End 
of Row 
Code 
- 
Activates 
VSP. 
VSP remains 


active until the end of the line is reached. 
While VSP 


is active the screen is blanked. 


2) End Of Row-Stop 
Buffer Loading 
Code - 
Causes the 


Buffer 
Ready 
control 
logic to stop requesting 
buffer 


transfers 
for the rest of the row. It affects the display 
the same as End of Row Code. 


3) End Of Screen 
Code - 
Activates 
VSP. VSP remains 


active until the end of the frame is reached. 


4) End Of Screen-Stop 
Buffer Loading 
Code - 
Causes 


the Buffer Ready control 
logic to stop requesting 
buffer 


transfers 
until the end of the frame is reached. 
It affects 


the display 
the same way as the End of Screen code. 


4.3.4 
Programmable Buffer Loading 
Control 


The 8276 can be programmed 
to request 
I, 2, 4, or 8 


characters 
per Buffer load. The interval between 
loads is 


also programmable. 
This allows the designer the flexibility 


to tailor 
the buffer 
transfer 
overhead 
to tit the system 


needs. 


Each scan line requires 
63.5 microseconds. 
A character 


line consists of 10 scan lines and takes 635 microseconds 
to form. 
The 8276 row buffer 
must be tilled within the 


635 microseconds 
or an under 
run condition 
will occur 


within the 8276 causing the screen to be blanked until the 
next vertical retrace. This blanking will be seen as a flicker 
in the display. 


A fully functional, 
microcontroller-based 
CRT terminal 


was designed and constructed 
using the 8051 and the 8276. 


The terminal 
has many of the functions 
that are found in 


commercially 
available 
low cost terminals. 
Sophisticated 


features 
such as programmable 
keys can be added easily 


with modest amounts 
of software. 


The 8051's 
functions 
in this application 
note include: up 


to 9.6K BAUD 
full duplex serial transmission; 
decoding 


special messages 
sent from the host computer; 
scanning, 


debouncing, 
and decoding 
a full function keyboard; 
writ- 


ing to the 8276 row buffer from the display RAM without 
the need for a DMA controller; 
and scrolling the display. 


The 8276 CRT controller's 
functions 
include: presenting 


the data to the character 
generator; 
providing 
the timing 


signals needed for horizontal 
and vertical retrace; and pro- 


viding blanking 
and video information. 


Since the device count relates to costs, size, and reliability 
of a system, 
arriving at a minimum 
device count without 


degrading 
the performance 
was a driving 
force for this 


application 
note. 
LSI devices 
were used where possible 


to maintain a low chip count and to make the design cycle 
as short as possible. 


PUM-51 
was chosen to generate 
the majority of the soft- 


ware for this application 
because 
it models 
the human 


thought 
process 
more 
closely 
than 
assembly 
language. 


Consequently 
it is easier and faster to write programs using 


PUM-51 
and the code is more likely to be correct because 


less chance exi~ts to introduce 
errors. 
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PUM-51 
programs 
are easier 
to read 
and follow 
than 


assembly 
language 
programs, 
and thus are easier to mod- 


ify and customize 
to the end user's 
application. 
PUM-51 


also offers lower development 
and maintenance 
costs than 


assembly 
language 
programming. 


PUM-51 
does have a few drawbacks. 
It is not as efficient 


in code generation 
relative to assembly 
language 
and thus 
may also run slower. 


This application 
note uses the 8051' s interrupts to control 


the servicing 
of the various peripherals. 
The speed of the 


main program 
is less critical if interrupts 
are used. In the 


last two application 
notes on terminal 
controllers, 
a cri- 


terion of the system 
was the time required 
for receiving 


an incoming 
serial byte, decoding 
it, performing 
the func- 
tion requested, 
scanning 
the keyboard, 
debouncing 
the 


keys, and transmitting 
the decoded 
ASCII code must be 


less than the vertical refresh time. Using the 8051 and its 
interrupts 
makes this time constraint 
irrelevant. 


The design 
specifications 
for the CRT terminal 
design is 
as follows: 


Display 
Format 


• 
80 characters/display 
row 
• 
25 display 
lines 


Character 
Format 


• 
5 x 7 character 
contained 
within a 7 x 
10 frame 


• 
First and seventh 
columns 
blanked 


• 
Ninth line curser position 
• 
Programmable 
delay blinking 
underline 
curser 


Control 
Characters 
Recognized 


• 
Backspace 
• 
Linefeed 
• 
Carriage 
Return 
• 
Form Feed 


Escape 
Sequences 
Recognized 


• 
ESC A, Curser up 
• 
ESC B, Curser down 
• 
ESC C, Curser right 


• 
ESC D, Curser left 
• 
ESC E, Clear screen 
• 
ESC F, Move addressable 
curser 
• 
ESC H, Home curser 
• 
ESC J, Erase from curser to the end the screen 


• 
ESC K, Erase the current 
line 


Characters 
Displayed 


• 
96 ASCII Alphanumeric 
Characters 


Character. 
Transmitted 


• 
96 ASCII Alphanumeric 
Characters 


• 
ASCII Control 
Character 
Set 
• 
ASCII Escape Sequence 
Set 
• 
Auto Repeat 


Display 
Memory 


• 
2K 
x 
8 static RAM 


Data Rate 


• 
Variable 
rate from 150 to 9600 BAUD 


CRT Monitor 


• 
Ball Bros TV-12, 
12MHZ Black and White 


Keyboard 


• 
Any standard 
undecoded 
keyboard 
(2 key lock-out) 


• 
Any standard decoded keyboard 
with output enable pin 


• 
Any standard decoded serial keyboard up to ISO BAUD 


Scrolling 
Capability 


Compatible 
With Wordstar 


A block diagram 
of the CRT terminal 
is shown in figure 


6.0.0. 
The diagram 
shows only the essential 
system fea- 


tures. 
A detailed 
schematic 
of the CRT terminal 
is con- 


tained in the Appendix 
7. I. 


The "brains" 
of the CRT terminal 
is the 8051 microcon- 
troller. The 8276 is the CRT controller 
in the system, 
and 


a 2716 EPROM 
is used as the character 
generator. 
To 


handle 
the high speed portion 
of the CRT, 
the 8276 is 


surrounded 
by a handful ofTTL 
devices. 
A 2K x 8 static 


RAM was used as the display 
memory. 


Following 
the system 
reset, 
the 8276 
is initialized 
for 


curser 
type, 
number 
of characters 
per line, 
number 
of 


lines, and character 
size. The display RAM is initialized 


to all "spaces" 
(ASCII 
20H). 
The 8051 then writes ihe 
"start display" 
command 
to the 8276. The locaUline input 


is sampled to determine 
the terminal mode. If the terminal 


is on-line, 
the BAUD rate switches are read and the serial 


port is set up for full duplex UART mode. The processor 
then is put into a loop waiting 
to service 
the serial port 


fifo or the 8276. 


The serial port is programmed 
to have the highest priority 


interrupt. 
If the serial port generates 
an interrupt, 
the pro- 
cessor reads the buffer, 
puts the character 
in a generated 


fifo that resides 
in the 8051 's internal RAM, 
increments 


the fifo pointer, 
sets the serial interrupt 
flag and returns. 
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SERIAL 


COMMUNICATIONS 


CHANNEL 


The main program 
determines 
if it is a displayable 
char- 


acter, a Control word or an ESC sequence and either puts 
the character 
in the display buffer or executes 
the appro- 


priate command 
sent from the host computer. 


If the 8276 needs servicing, 
the 8051 fills the row buffer 


for the CRT display's 
next line. If the 8276 generates 
a 


vertical 
retrace 
interrupt, 
the buffer pointers are reloaded 


with the display 
memory 
location that corresponds 
to the 


first character 
of the first display 
line on the CRT. The 


vertical retrace also signals the processor 
to read the key- 


board for a key closure. 


The following 
section describes 
the unique characteristics 


of this design. 


The display RAM, 8276 registers, 
and the 8276 row buff- 


ers are memory 
mapped 
into the external 
data RAM ad- 


dress area. The addresses 
are as follows: 


Read and Write External 
Display 
RAM - 
Address 
IOOOHto 17CFH 


Write to 8276 row buffers 
from Display 
RAM - 
Address 
l800H 
to IFCFH 


Write to 8276 Command 
Register 
(CREG) - 
Address 
OOOIH 


Write to 8276 Parameter 
Register 
(PREG) - 
Address 
OOOOH 


Read from 8276 Status 
Register 
(SREG) - 
Address 
OOOIH 


Three general cases can be explored; 
reading and writing 


the display 
RAM, 
writing 
to the 8276 row buffers, 
and 


reading 
and writing the 8276's 
control 
registers. 


As mentioned previously 
the 8051 fills the 8276 row buffer 


without 
the need of a DMA controller. 
This is accom- 


plished by using a Quad 2-input multiplexor 
(Figure 6.1.0) 


as the transfer 
logic 
shown 
in the block 
diagram. 
The 


address 
line, 
P2.3, 
is used 
to select 
either 
of the two 


inputs. When the address line is low the RD and WR lines 
perform 
their normal functions, 
that is read and write the 


8051 P2.3 


8051 WR 
1A 
SEL 
Y1 
8276 WR 


8051 RD 
1B 


+5V 
2A 
Y2 
8276 BS 


2B 


3A 
Y3 
8276 RD 


3B 
i: 


6CS 


P2.4~DISPLAY 
RAM CS 


Figure 6.1.0 
Simplified Version Of The Transfer Logic 
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8276 or the external display RAM depending 
on the states 


of their re~ctive 
chip selects. 
If the address line is high, 


the 8051 RD line is transformed 
into BS and WR signals 


for the 8276. 
While 
holding 
the address 
line high, 
the 


8051 executes 
an external 
data move (MOVX) 
from the 
display RAM to the accumulator 
which causes the display 
RAM to output the addressed byte onto the data bus. Since 
the multiplexor 
turns the same 8051 RD pulses into BS 


and WR pulses to the 8276, the data bus is thus read into 
the 8276 
as a Buffer 
transfer. 
This 
scheme 
allows 
80 
characters 
to be transferred 
from the display 
RAM into 
the 8276 within 
the required 
character 
line time of 635 


microseconds. 
The 8051 easily meets this requirement 
by 


accomplishing 
the task within 350 microseconds. 


Throughout 
this project, 
provision 
have 
been 
made 
to 


make the overall 
system flexible. 
The software 
has been 


written 
for various 
keyboards 
and the user simply needs 


to link different 
program 
modules 
together 
to suit their 


needs. 
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Incorporating 
an undecoded 
keyboard 
controller 
into the 


other functions 
of the 8051 shows the flexibility and over 


all CPU power that is available. 
The keyboard 
in this case 


is a full function, 
non-buffered 
8 x 8 matrix of switches 


for a total of 64 possible 
keys. The 8 send lines are con- 


nected 
to a 3-to-8 
open-collector 
decoder 
as shown 
in 


Figure 6.1.1. 
Three high order address lines from the 8051 


are the decoder 
inputs. 
The enabling 
of the decoder 
is 


accomplished 
through 
the use of the PSEN 
signal from 


the 8051 
which 
makes 
the architecture 
of the separate 


address 
space for the program 
memory 
and the external 


data RAM 
work for us to eliminate 
the need to decode 


addresses externally. 
The move code (MOVe) 
instruction 


allows each scan line of the keyboard 
to be read with one 


instruction. 


The keyboard 
is read by bringing 
one of the eight scan 


lines low sequentially 
while reading the return lines which 


are pulled 
high 
by an external 
resistor. 
If a switch 
is 


closed, 
the data bus line is connected 
through the switch 


to the low output of the decoder 
and one of the data bus 


lines will be read as a O. By knowing 
which scan line 


detected 
a key closure 
and which data bus line was low, 


the ASCII code for that key can easily be looked up in a 
matrix 
of constants. 
PUM-51 
has the ability 
to handle 


arrays 
and structured 
arrays, 
which makes the decoding 


of the keyboard 
a trivial task. 


Since the Shift, Cap Lock, and Control keys may change 
the ASCII code for a particular 
key closure, 
it is essential 


to know the status of these pins while decoding 
the key- 


board. 
The Shift, Cap Lock, and Control keys are there- 


fore not scanned 
but are connected 
to the 8051 port pins 


where they can be tested for closure directly. 


The 8 receive lines are connected 
to the data bus through 


germanium 
diodes 
which 
chosen 
for their low forward 


voltage 
drop. 
The diodes 
keep the keyboard 
from inter- 


fering with the data bus during the times the keyboard 
is 


not being read. The circuit consisting of the 3-to-8 decoder 
and the diodes 
also offers 
some protection 
to the 8051 


from possible 
Electrostatic 
Discharge 
(ESD) damage that 


could be transmitted 
through 
the keyboard. 


A decoded keyboard 
can easily be connected 
to the system 


as shown in Figure 6.1.2. 
Reading 
the keyboard 
can be 


evoked 
either by interrupts 
or by software 
polling. 


The software to periodically 
read a decoded keyboard was 


not written 
for this application 
note but can be accom- 


plished 
with 
one 
or 
two 
PLlM-51 
statements 
in the 


READER 
routine. 


A much more interesting 
approach 
would be to have the 


servicing 
of the keyboard 
be interrupt 
driven. 
An addi- 


tional external 
interrupt 
is created 
by configuring 
timer/ 
counter 
0 into an event 
counter. 
The event 
counter 
is 


initialized 
with the maximum 
count. 
The keyboard 
con- 


troller 
would inform 
the 8051 that a valid key has been 


depressed 
by pulling 
the input pin TO low. This would 


overflow the event counter, 
thus causing an interrupt. 
The 


interrupt 
routine 
would 
simply 
use a MOVC 
(PSEN 
is 


connected 
to the output enable pin of the keyboard 
con- 


troller) to read the contents of the keyboard controller onto 
the data bus, reinitialize 
the counter to the maximum count 


and return from the interrupt. 


The 
use of detachable 
keyboards 
has become 
popular 


among the manufacturers 
of keyboards 
and personal com- 


puters. 
This terminal 
has provisions 
to use such a key- 


board. 


The keyboard 
controller 
would 
scan the keyboard, 
de- 


bounce 
the key and send back the ASCII 
code for that 


key closure. 
The message 
would be in an asynchronous 


serial format. 


The flowchart for a software serial port is shown in Figure 
6.1.3. 
An additional 
external 
interrupt 
is created 
as dis- 


cussed for the decoded 
keyboard 
but the use in this case 


would be to detect a start bit. Once the beginning 
of the 


start bit has been detected, 
the timer/counter 
0 is config- 


ured to become 
a timer. The timer is initialized 
to cause 


an interrupt 
one-half 
bit time after the beginning 
of the 


start bit. This is to validate the start bit. Once the start bit 
is validated, 
the timer is initialized 
with a value to cause 


an interrupt 
one bit time later to read the first data bit. 


This process 
of interrupting 
to read a data bit is repeated 


until all eight data bits have been received. 
After all 8 


data bits are read, 
the software 
serial port is read once 


more to detect 
if a stop bit is present. 
If the stop bit is 


not present, 
an error flag is set, all pointers 
and flags are 


reset to their initial values, 
and the timer/counter 
is re- 


configured 
to an event counter to detect the next start bit. 


If the stop bit is present, 
a valid flag is set and the flags 


and counter 
are reset as previously 
discussed. 
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The 
requirements 
for the 
BALL 
BROTHERS. 
TV-12 


monitor's 
operation 
is shown 
in table 6.1.0. 
From the 


monitor's 
parameters, 
the 8276 specifications 
and the sys- 


tem target specifications 
the system timing is easily cal- 


culated. 


The 8276 allows the vertical retrace to be only an integer 
multiple of the horizontal 
character lines. Twenty-five 
dis- 


play lines and a character 
frame of 7 x 
10 are required 


from the target specification 
which will require 250 hor- 


izontal 
lines. 
If the horizontal 
frequency 
is to be within 


500 Hz of 15,750 Hz, we must choose either one or two 
character 
line times for horizontal 
retrace. 
To allow for a 


little more margin 
at the top and bottom 
of the screen, 


two character 
line times was chosen 
for the vertical 
re- 


trace. This choice yields 250 + 20 = 270 total character 
lines 
per frame. 
Assuming 
60 Hz vertical 
retrace 
fre- 


quency: 


60 Hz * 270 = 16,200 Hz horizontal 
frequency 


and 


1116,200 Hz * 20 horizontal 
sync times = 1.2345 mil- 


liseconds 


inter 


PARAMETER 
RANGE 


Vertical 
Blanking 
Time 
800 J.LSecnominal 


(VRTC) 


Vertical 
Drive Pulsewidth 
300 J-Lsec,,;;;PW ,,;;;1.4 ms 


Horizontal 
Blanking 
Time 
II J-Lsecnominal 


(HRTC) 


Horizontal 
Drive Pulsewidth 
25 J-Lsec,,;;;PW ,,;;;30 J-Lsec 


Horizontal 
Repetition 
Rate 
15,750 
±500 
pps 


The 1.2345 milliseconds 
of retrace time meets the nominal 


VRTC and vertical 
drive pulse width time of .3mSec to 


l.4mSec 
for the Ball monitor. 


The next parameter 
to find is the horizontal 
retrace time 


which is wholly dependent 
on the monitor 
used. Usually 


it lies between 
15 and 30 percent 
of the total horizontal 


line time. 


Since most designs 
display 
a fixed number of characters 


per line it is useful to express 
the horizontal 
retrace time 


as a given number 
of character 
times. 
In this design, 
80 


characters 
are displayed, 
and it was experimentally 
found 


that 20 character 
times for the horizontal 
retrace gave the 


best results. 
It should be noted if too much time was given 


for retrace, 
there would be less time to display the char- 


acters and the display 
would not fill out the screen. Con- 


versely, 
if not enough time is given for retrace, 
the char- 


acters would seem to run off the screen. 


One hundred 
character 
times per complete 
horizontal 
line 


means that each character 
needs: 


If we multiply 
the 20 character 
times needed 
to retrace 


by 617.3 nanoseconds 
needed for each character, 
we find 


12.345 microseconds 
are allocated 
for retrace. 
This value 


falls short of the 25 to 30 microseconds 
required 
by the 


horizontal 
drive of the Ball monitor. 
To correct for this, 


a 74LS 123 one-shot 
was used to extend 
the horizontal 


drive pulse width. 


The dot clock frequency 
is easy to calculate 
now that we 


know 
the horizontal 
frequency. 
Since each character 
is 


formed by seven dots in the horizontal 
axis, the dot clock 


period would be the character 
clock (617.3 nanoseconds) 


divided by the 7 which is equal to 11.34 MHz. The basic 
dot timing and CRT timing are shown in the Appendix. 


6.2 
Software Description 


6.2.1 
Software Overview 


The software 
for this application 
was written in a "fore- 


ground-background" 
format. 
The background 
programs 


are all interrupt 
driven 
and are written 
in assembly 
lan- 


guage due to time constraints. 
The foreground 
programs 


are for the most part written in PUM-51 
to ease the pro- 


gramming 
effort. 
A number of subroutines 
are written in 


assembly 
language 
due to time constraints 
during 
exe- 


cution. Subroutines 
such as clearing display lines, clearing 


the screen, and scanning the keyboard 
require a great deal 
of 16 bit adds and compares 
and would 
execute 
much 


slower and would require 
more code space if written 
in 


PLlM-51. 
The background 
and foreground 
programs 
talk 


to each other through 
a set of flags. 
For example, 
the 


PUM-51 
foreground 
program 
tests 
"SERIAUINT" 
to 


determine 
if a serial 
port interrupt 
had occurred 
and a 


character 
is waiting 
to be processed. 


Two interrupt driven routines, 
VERT and BUFFER, 
(see 


Fig. 6.2.0) 
request 
service every 
16.67 milliseconds 
and 


617 microseconds 
respectively. 
VERT's 
request 
comes 


during the last character 
row of the display 
screen. 
This 


routine resets the buffer pointers to the first CRT display 
line in the display memory. 
VERT is also used as a time 


base for the foreground 
program. 
VERT 
sets the flag, 


SCAN, 
to tell the foreground 
program 
(PLlM-51) 
that it 


is time to scan the Keyboard. 
VERT 
also increments 
a 


counter used for the delay between transmitting 
characters 


in the AUTO$REPEAT 
routine. 


The BUFFER 
routine is executed 
once per character row. 


BUFFER 
uses the multiplexor 
discussed 
earlier to fill the 


8276's 
row buffer by executing 
80 external 
data moves 


and incrementing 
the Data Pointer 
between 
each move. 


RE·INtnALIZE 


'27<1 
ROW BUFFER 
POINTER 
TO THE 


TOP OF THE 


DISPLAY 


Figure 6.2.0 
Flowcharts For 
VERT and BUFFER Routine 


The MOVX reads the display RAM and writes the char- 
acter into the row buffer during the same instruction. 


SERBUF is an interrupt driven routine that is executed 
each time a character is received or transmitted through 
the on-chip serial port. The routine first checks if the 
interrupt was caused by the transmit side of the serial port, 
signaling that the transmitter is ready to accept another 
character. If the transmitter caused the interrupt, the flag 
"TRANSMITSINT" is set which is checked by the fore- 
ground program before putting a character in the buffer 
for transmission. 


If the receiver caused the interrupt, the input buffer on 
the serial port is read and fed into the fifo that has been 
manufactured in the internal RAM and increments the fifo 
pointer "FIFO." 
The flag "SERIALSINT" is then set, 
telling the foreground program that there is a character in 
the fifo to be processed. If the read character is an ESC 
character, the flag "ESCSEQ" is set to tell the foreground 
program that an escape sequence is in the process of being 
received. 


The foreground program is documented in the Appendix. 
The foreground program starts off by initializing the 8276 


as discussed earlier. After all variables and flags are ini- 
tialized, the processor is put into a loop waiting for either 
VERT to set SCAN so the program can scan the keyboard, 
or for the serial port to set SERIALSINT so the program 
can process the incoming character. 


The vertical retrace is used to time the delay between 
keyboard scans. When VERT gets set, the assembly lan- 
guage routine READER is called. READER scans the 
keyboard, writing each scan into RAM to be processed 
later. READER controls two flags, KEYO and SAME. 
KEYO is set when all 8 scans determine that no key is 
pressed. SAME is set when the same key that was pressed 
last time the keyboard was read is still pressed. 


After READER returns execution to the main program, 
the flags are tested. If the KEYO flag is set the main 
program goes back to the loop waiting for the vertical 
retrace or a serial port interrupt to occur. If the SAME 
flag is set the main program knows that the closed key 
has been debounced and decoded so it sends the already 
known ASCII code to the AUTOSREPEAT routine which 
determines if that character should be transmitted or not. 


If KEYOand SAME are not set, signifying that a key is 
pressed but it is not the same key as before, the foreground 
program determines if the results from the scan are valid. 
First all eight scans are checked to see if only one key 
was closed. If only one key is closed, the ASCII code is 
determined, modified if necessary by the Shift, Cap Lock, 
or Control keys. The NEWSKEY and VALID flags are 
then set. The next time READER is called, if the same 
key is still pressed, the SAME flag will be set, causing 
the AUTOSREPEAT subroutine to be called as just dis- 
cussed. Since the keyboard is read during the vertical 
retrace, 16.67 milliseconds has elapsed between the de- 
tection of the pressed key and reverifying thai the key is 
still pressed before transmitting it, thus effectively de- 
bouncing the key. 


The AUTOSREPEAT routine is written to transmit any 
key that the NEWSKEY flag is set for. The counter that 
is incremented each time the vertical refresh interrupt is 
serviced causes a programmable delay between the first 
transmission and subsequent auto repeat transmission. 
Once the NEWSKEY character is sent, the counter is 
initialized. Each time the AUTOSREPEAT routine is 
called, the counter is checked. Only when the counter 
overflows will the next character be transmitted. After the 
initial delay, a character will be transmitted every other 
time the routine is called as long as the key remains 
pressed. 


One of the criteria for this application note was to make 
the software less time dependent. By creating a fifo to 
store incoming characters until the 8051 has time to pro- 


inter 


cess them, 
software 
timing 
becomes 
less critical. 
This 
application 
note 
uses 
up 
to 
8 
levels 
of 
the 
fifo 
at 
9.2KBAUD, 
and 
I level at 4.8KBAUD 
and lower. 
As 
discussed earlier, the interrupt service routine for the serial 
port uses the fifo to store incoming 
data, 
increments 
the 
fifo pointer, 
"FIFO", 
and sets SERIALSINT 
to tell the 
main program that the fifo needs servicing. 
Once the main 
program 
detects 
that 
SERIALSINT 
is set 
the 
routine 
DECIPHER 
is executed. 


DECIPHER 
has three separate 
blocks; a block for decod- 
ing displayable 
characters, 
a block for processing 
Escape 
sequences, 
and a block for processing 
Control codes. Each 
block works on the fifo independently. 
Before exiting a 
block, the contents of the fifo are shifted up by the amount 
of characters 
that were processed 
in that particular 
block. 


The shifting 
of the characters 
insures that the beginning 
of the fifo contains 
the next character 
to be processed. 


FIFO 
is then decremented 
by the number 
of characters 
processed. 


Let's 
look at this process 
more closely. 
Figure 
6.2.I-A 
shows a representation 
of a fifo containing 
5 characters. 
The first three characters 
in the fifo contain 
displayable 
characters, 
A, B, and C respectively 
with the last two 


characters 
being an ESC sequence 
for moving the curser 
up one line (ESC A) and FIFO points to the next available 
location to be filled by the serial port interrupt routine, 
in 
this case, 5. 


TOP~ 
41H(A) 
41H(A) 


42H (B) 
42H (B) 


43H (C) 
43H (C) 


lBH (ESC) 
TOP~ 
lBH (ESC) 


41H(A) 
41H (A) 


FIFO-... 
FIFO-. 


(A) 
(B) 


TOP~ 
lBH (ESC) 


41H(A) 
FIFO-. 


When DECIPHER 
is executed, 
the first block begins look- 


ing at the first character 
of the fifo for a displayable 
char- 


acter. If the character 
is displayable, 
it is placed into the 


display RAM and the software pointer' 
'TOP" 
that points 


to the character 
that is being processed 
is incremented 
to 


the next character. 
The character 
is then looked at to see 


if it too is display able and if it is, it's placed in the display 
RAM. The process of checking 
for displayable 
characters 


is continued 
until either 
the fifo is empty 
or a non-dis- 


playable character 
is detected. 
In our example, 
three char- 


acters 
are placed 
into the display 
RAM 
before 
a non- 


displayable 
character 
is detected. 
At this point the fifo 


looks like figure 6.2.I-B. 


Before entering 
the next block, the remaining 
contents 
of 


the fifo between 
TOP, 
that is now pointing 
to lBH and 


(FIFO-I) 
are moved up in the fifo by the amount of char- 


acters processed, 
in this example 
three. TOP is reset to 0 


and FIFO is decremented 
by 3. The serial port interrupt 


is inhibited 
during 
the time the contents 
of the fifo and 


the pointers 
are being manipulated. 
The fifo now looks 


like figure 6.2.1-C. 


The execution 
is now passed to the next block that pro- 


cesses 
ESC 
sequences. 
The first location 
of the fifo is 


examined 
to see if it is an ESC character 
(lBH). 
If not, 


the execution 
is passed to the next block of DECIPHER 


that processes 
Control 
codes. 
In this case the fifo does 


contain 
an ESC code. 
The flag ESCSSEQ 
is checked 
to 


see if the 8051 
is in the process 
of receiving 
an ESC 


sequence thus signifying 
that the next byte of the sequence 


has not been received 
yet. If the ESCSSEQ 
is not set, the 


next character 
in the fifo is checked 
for a valid escape 


code and the proper 
subroutine 
is then called. 
The fifo 


contents 
are then shifted 
as discussed 
for the previous 


block. Due to the length of time that is needed to execute 
an ESC code sequence 
or a Control 
code, only one ESC 


code 
and/or 
Control 
code 
can be processed 
each 
time 


DECIPHER 
is executed. 


If at the end of the DECIPHER 
routine, 
FIFO contains 
a 


0, the flag SERSINT 
is reset. 
If SERSINT 
remains 
set, 


DECIPHER 
will be executed 
immediately 
after returning 


to the main program 
if SCAN had not been set during the 


execution 
of the DECIPHER 
routine, 
otherwise 
DECI- 


PHER will be called after the keyboard 
is read. 


The curser always 
points 
to the next location 
in display 


memory 
to be filled. Each time a character 
is placed 
in 


the display memory, 
the curser position needs to be tested 


to determine 
if the curser 
should 
be incremented 
to the 


beginning 
of the next line of the display or simply moved 


to the next position on the current display line. The curser 
position 
pointers 
are then updated 
in both the 8276 and 


the internal registers 
in the 8051. 


inter 


When 
the 2000th 
character 
is entered 
into the display 


'memory, 
a full display 
page has been reached 
signaling 


the need for the display 
to scroll. 
The memory 
pointer 


that points to the display 
memory 
that contains 
the first 


character of the first display line, LINED, prior to scrolling 
contains 
1800H which is the starting address of the display 


memory. 
Each scrolling operation 
adds 80 (50H) to LINED 


which will now point to the following 
row in memory as 


shown in figure 6.2.2-B. 
LINED is used during the vertical 


MEMORY 


LOCATION 


184FH 


MEMORY 


LOCATION 


1F80M 


LINED 


MEMORY 


LOCATION 


18ADH 


refresh routine to re-initialize 
the pointers associated 
with 


filling the 8276 row buffers. 


The display 
memory 
locations 
that were the first line of 


the CRT display 
now becomes 
the last line of the CRT 


display. 
Incoming 
characters 
are now entered 
into the 


display 
memory 
starting 
with 
1800H, 
which 
is now the 


first character 
of the last line of the display screen. 


MEMORY 


LOCATION 


1850H 


LINED 


MEMORY 


LOCATION 


18FDH 


inter 


The use of interrupts to tie the operation 
of the foreground 
program to the real-time events of the background 
program 
has made the software timing non-critical 
for this system. 


Following 
the system 
reset, 
the 8051 initializes 
all on- 


chip peripherals 
along 
with the 8276 and display 
ram. 
After initialization, 
the processor 
waits until the fifo has 


a character 
to process 
or is flagged that it is time to scan 


the keyboard. 
This foreground 
program is interrupted once 


every 617 microseconds 
to service the 8276 row buffers. 
The 8051 is also interrupted 
each 
16.67 milliseconds 
to 
re-initialize 
L1NEO and to flag the foreground 
program to 
read the keyboard. 


As discussed earlier, a special technique of rapidly moving 
the contents 
of the display 
RAM to the 8276 row buffers 


without 
the need of a DMA device 
was employed. 
The 


characters 
are then synchronously 
transferred 
to the char- 


acter generator 
via CCO-CC6 
and LCO-LC2 
which 
are 


used to display one line at a time. Following 
the transfer 


of the first line to the dot timing 
logic, 
the line count is 


incremented 
and the second line is selected. 
This process 


continues 
until the last line of the character 
is transferred. 


The dot timing 
logic latches 
the ouput 
of the character 


ROM in a parallel in, serial out synchronous 
shift register. 


The shift register's 
output constitutes 
the video informa- 


tion to the CRT. 
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112 ~Wii'27' 
$ 
2A 
+5Y 
I 
74157 
112~ii'27' 
~ 
21 
'----'..!. 


3A 


10 
1/3 f!----+. 
RD 127. 
38 


'A 
40 
STI 
OHO 


1$~ 


inter 


"1'17 
1'1$1. 
111' 


D' 
DO 
ceo"""" 
'00 


OS.. 


'O- 
n 
.. 


.. 
,YO' 
'< 
'< 
'< 
'< 
'< 
'< 
'< 
'< 


nCi 
....., 
, 
• ii 
... 
" 
'< 
'< 
'< 
'< 
'< 
'< 
'< 
'< 
" 
'< 
'< 
'< 
'< 
'< 
'< 
'< 
'< 
.. 
'< 
'< 
'< 
'< 
'< 
'< 
'< 
'< 


•••• 
'< 
'< 
'< 
'< 
'< 
'< 
'< 
'< 


'< 
'< 
'< 
'< 
'< 
'< 
'< 
'< 


'< 
'< 
'< 
'< 
'< 
'< 
'< 
'< 


'< 
'< 
'< 
'< 
'< 
'< 
'< 
'< 
•..., 


.... 
, 
.. 
" 
.. 


" 
" 
" 
" 
.. · 
'" 
.. · 
... 
" · 
, 
.. · 


vcc I' 


co 


inter 


CHARACTER 
~ 
COUNTf~ 
STATE 
It.tna 


DOT 


CLOCK 


.17ne-----~·~1 


CHARACTER 
CLOCK 
TO 
'27. 


741113 


COUNTER 


OUTPUTS 
QC 


CHARACTER 


CLOCK 


1271 


CHARACTER 
OUTPUT 
(C~C') 


SHIFT 


REGISTER 


OUTPUT 
(701") 


~ 


"'~~lDpF 


7..- 
.001 


330 
330 


inter 


~7_ 
I 
I 


CHARACTERl-fl-fl-f1-D~ 
, 1 
3 I · ,..fl-{l-fl-f} 
...., 
eo 
H~TC I 
HR;C ······1 
CL.OCK 


I 
I' 


LATCH 
LATCH 
LATCH 
LATCH 
UTCH 


CHAR 
1 
CHAR 
2 
CHAR 
3 
CHAR 
4 
CHAR eo 


•••• PLE j 


HRTC 


SHIFT 
REGISTER 
LOADlNQ 


LOAD 
IT 
YIDEO 
FOR 10TH 
CHAR 


vIDeo 


FOR 2ND 
CHAR 


VIDEO 
FOR 3F1D 
CH•••• 


VIDEO 
I FOft 1ST 
CHAR 
I 
I 
I 


inter 


BIT 
000 
001 
010 
011 
100 
101 
110 
111 
010 
011 
100 
101 
110 
111 


@ 
P 


ססoo 
NUL 
OLE 
SP 
• 
@ 
P 
P 


A 
+ 
0001 
SOH 
DCl 
Q 
I 
I 
A 
Q 
A 
Q 
A 


B 
R 
+ 


0010 
STX 
DC2 
2 
B 
R 
B 
R 
B 


C 
S 
--.C 
0011 
ETX 
DC3 
. 
3 
C 
S 
C 
S 


0 
T 
...-- 
0 
0100 
EOT 
DC4 
$ 
4 
0 
T 
0 
T 


E 
U 


0101 
ENQ 
NAK 
% 
5 
E 
U 
E 
U 
CLR 
E 


F 
V 


0110 
ACK 
SYN 
•• 
8 
F 
V 
F 
V 


0 
W 


0111 
Al- 
ETB 
7 
a 
w 
a 
w 


If 
x 


1000 
:<11. 
CAN 
( 
8 
H 
X 
H 
X 
HOME 
H 


I 
Y 


1001 
HT 
EM 
) 
9 
I 
Y 
I 
y 


J 
Z 


1010 
LF 
SUB 
: 
J 
Z 
J 
Z 
EOS 
I 


K 
~ 
1011 
VT 
+ 
; 
K 
I 
K 
EL 
J 


L 
1100 
FF 
FS 
L 
L 


..... 


1101 
QI 
as 
- 
= 
M 
J 
M 


N 
\ 


1110 
SO 
RS 
N 
II 
N 


0 


1111 
SI 
US 
- 
I 
? 
0 
- 
0 


inter 


As previously 
mentioned, 
the character 
generator 
used in 


this terminal 
is a 2716 EPROM. 
A IK by 8 device would 


have been sufficient since a 128 character 5 by 7 dot matrix 
only requires 8K of memory. 
A custom character set could 


have been stored in the second IK bytes of the 2716. Any 
of the free I/O pins on the 8051 could have been used to 
switch between 
the character 
sets. 


The three low-order 
line count outputs (LC(}-LC2) 
from 


the 8276 are connected 
to the three low-order address lines 


of the character 
generator. 
The CC(}-CC6 output lines are 


connected 
to the A3-A9 
lines of the character 
generator. 


The output 
of the character 
generator 
is loaded 
into the 


shift register. 
The serial output of the shift register 
is the 


video output to the CRT. 


Let's 
assume 
that the letter "E" 
is to be displayed. 
The 


ASCII 
code for "E" 
(45H) 
is presented 
to the address 


lines A2-A9 
of the character 
generator. 
The scan lines 


(LC(}-LC2) 
will now count from 0 to seven to form the 


character 
as shown in Figure 7.5.0. 
The same procedure 


is used to form all 128 possible 
characters. 
For reference 


Appendix 
7.6 contains 
the HEX dump 
of the character 


generator 
used in this terminal. 


45H = 01000101 
Address 
to Prom = 01000101 
= 228H 
- 
22FH 
Depending 
on state of Scan 
lines. 


Rom Address 
228H 
229H 
22AH 
22BH 
22CH 
22DH 
22EH 
22FH 


Rom Hex Output 
3E 
0 
02 
02 
OE 
02 
02 
3E 
00 


Bit Output· 
1234567 
- 


Bits 0, 6 and 7 are not used. 
·note bit output is backward 
from convention. 


In this design 
it was assumed 
that the CRT monitor 
re- 


quired 
a separate 
horizontal 
drive, 
venical 
drive, 
and 


video 
input. 
Many 
monitors 
require 
a composite 
video 


signal. The schematic 
shown in Figure 7.7.0 illustrate how 
to generate a composite 
video from the output of the 8276. 


The dual one-shots 
are used to provide a small delay and 


the proper horizontal 
and venical 
pulse to the composite 


video monitor. 
The delay introduced 
in the horizontal 
and 


venical 
timing is used to center the display. 
The 7486 is 


used to mix the venical 
and horizontal 
retrace. 
QI mix 


the video 
and retrace 
signals 
along 
with providing 
the 


proper D.C. 
levels. 


inter 


/ •• ** ••• ** ••••••••• 
***.*** ••••••••••••• 
* •••••••••••••• 
***••• ** ••• *** ••••••••••• 


•••••••••••••••••••••••••••••• 
** ••••• 
**1: •••••••••••••••••••••••••••••••••••• 
*** 
....*.. 
.*.**** 


••••••• 
OOF'IWARE~ATICN 
FUR TIlE 8051 
••••••• 


••••••• 
~INAL 
a:Nl'IVILER 
APPLlCATICtl IVl'E 
••••••• 
••••••• 
.** •••• 


••••••••••••••• 
** •• ** •••••••••••••••••••••••••••• 
*** ••• *** ••••••• ** •••••••••••• 


•• ** •••••••••••••••••• 
*••••••••••••••••••••••••••••• 
** ••• *•••••••• 
** •••••• ** ••• 


MEM:)RfMAP ASSOCIATED WITH PERIPHERAL DEVIC&S (USING KMC): 


8051 WRAND RE:ADDISPIAY RAM- 
ADORI;SS 100Cll ro 
17cm 


8051 
WR DISPIAY RAMro 
TIlE 8276- 
ADORI;SS 180011 ro 
lFCFH 
8276 
CXl+IANDADORES&- 
ADORFSS OOOlli 
8276 
PAAAMEll'ERADORES&- 
ADORESS 000011 
8276 
ffi'ATUS REXilSI'ER- 
ADORESS OOOlli 


I 


INITIALIZE 
POIm'ERS AND FLAGS} 
INITIALIZE 
rop 
OF TIlE CRl' DISPIAY 
"LlNEO"=1800H} 
INITIALIZE 
8276 
lUFFER POlmER 
"RASTER" =1800ll} 
INITIALI ZE DISPIAY$RAM$POINTER=OOOOll} 


/. 
INITIALIZE 
TIlE 8276 
•/ 


RESEr THE 8276} 
INITIALIZE 
8276 
ro 
80 c:HARl\C'reiVIOi I 
INITIALIZE 
8276 
ro 
25 IOiS 
PER FIWIE 
INITIALIZE 
8276 
ro 
10 LINES PER IOi} 
INITIALIZE 
8276 
ro 
OCN-BLItI<lNG UNI:£RLINE aJRSER} 
INITIALIZE 
aJRSER ro 
II:ME POSITICtl 
(00,00) 
(UPPER LEIi"l' Hl\ND COJH:R)} 


STARr DISPIAY} 
E1lABLE 8276 
INl'ERIUPl'} 


/. 
SEl' UP 8051 
INl'ERIUPl'S 
AND PRIORITIES 
•/ 


l 


SERIAL PORI: HAS HIGHES'r INl'ERIUPl' 
PRIORI'lY} 
FXl'EliNAL ~Pl'S 
ARE m;>E smsITIVE 1 
E1WlLE EXTEItt~ 
INI'ERRJPl'S ) 


/*PR:CIDJRE 
OCANNER: T1US PRX:EnJRE 
OCANS THE KEY'OOARDAND DE:rEIMINES 
IF 
A 


SINGLE VALID KEY' HAS BEEN PUSHED. IF 
TIUE '!'HEN THE AOCII 
EXlUlVALENl' 


WILL BE TRAN9oIITl'ED ro 
THE HOSl' <XMR1ffiR. */ 


OCANNER: 


{mABLE 
8051 GI11BAL Im'ERlUPT 
BIT} 


IF 
{30 VElUlCAL 
Rm'RACE Im'ERlUPTS 
HAVE OCCURRED (aJRSER$(XXJNI'=lFH)} 
'!'HEN 


00; 


1 
CXMPLEMENI'aJRSER$rn} 
CLEAR aJRSER$(XlJNl'} 
IF 
{aJRSER 
IS 
TO BE OFF 
(aJRSER$rn=O)} 
mEN 
{M:>VEaJRSER 
OFF THE OCREEN} 


CALL I£lAD$aJRSER; 
END; 


IF 
{THE u::x::AL$LINE SWITCH HAS CHA!'l>ED srATE} 
mEN 


00; 
IF 
{IN 
u::x::AL M:>lE} mEN 
{DISABLE SERIAL 
FOIU INI'ERIUPI'} 


ELSE CALL CIIED<$BAUD$RATE; 


END; 


00 WIIILE {lNBE'IWEEN VElUlCAL 
REFRESHES} 


IF 
{THE Flro 
HAS A CHARACTERro 
PRX:ESS 
(SERIAL$INT=I)} 
mEN 
CALL DEX::IPHER; 


END; 


IF 
{'ll!E 
PRESEN!' PRESSED KEY' IS 
EXlUALro 
THE LASr 
KEY' PRESSED AND VALID=I} 
mEN 


CALL AI1ID$REPEAT; 


EJ:,SE 
00; 
IF 
{A KEY' IS 
PRESSED wr 
NO!' THE SAME CNE AS THE LASr KEY'OOMD OCAN} mEN 


00; 
IF 
{CNLY CNE KEY' IS 
PRESSED} mEN 


I, 
GF:I' TIlE AOCII 
COOE roR 
IT} 


SET NEW$KE'l AND VALID FLAGS} 


ELSE 
RESEr 
VALID AND ~ 
FLAGS} 


END; 
ELSE 
(TIlE KEY'BOI\H) MUsr NO!' HAVE 11 KEY' PRESSED SO RESEn' VALID$KE'i AND NEW$KEY'FLAGS} 
!:lID; 


/* 
PRX:ErIJRE 
AI1ID$REPFAT: 
T1US 
PRX:EnJRE 
WILL PERFOIM AN AI1ID REPEAT FUCl'IOO 


B'f 
TRAN90IITTING A CHARACTEREVERi OI'HER TIME THIS 
IOJl'INE 
IS 
CALLED. 


TIlE AI1ID REPFAT FUCl'IOO 
IS 
ACTIVATED AFTER A FIXED DELAY F£RIOO AFTER THE 


FlRsr 
CHARI\CTER IS 
SEN!'*/ 


AI1ID$REPEAT: 


IF 
(TIlE KEY' PRESSED IS 
tID/ 
(NEW$KE'l=I) 
mEN 


00; 
I 
CLEARTIlE DIVIDE 
B'f 
'lW) CCXJNrER "TRAN9oIIT$'I'<XXiLE"} 


INITIALIZE 
THE DELAY CCXJNrER "TRAN9oIIT$(XlJNl'" 
ro 
ODOH} 


CALL TRAN9oIIT; 
/* 
FIRsr 
CHARACTER.*/ 
{CLEAR NEW$KE'l} 
END; 


inter 


ELSE 
00; 
IF 
{TRAN~$<nJNl' 
IS !VI' ~ 
ro 
O} mm 


00; 
{INCREMEN!' TRAN9-lrr$<nJNl'} 
IF 
TRAN~$<nJNl'=OFFH 
THEN 


00; 


~IEAR ~~$<nJNl'} 


END; 
END; 
ELSE 
00; 
{'!URN TIlE aJRSER 
CN I:URm; 
TIlE lll1IO REPEAT FUCl'ICN} 


IF 
TRAN~$T(XX;IE 
= 1 mm 


CALL TRAN~; 


{cnm»IENr 
TRAN~$'mXiIE} 


END; 
END; 


/*rJElR 
~ 
FIR91' 
CHl\Rl\CTER AND TIlE SEXXNl */ 


/*SEOlND 
CHl\Rl\CTER */ 


/* 
2 VERl' FRAMES ~ 
3R> oro NllI 
CHl\Rl\CTER */ 
/* 
3R> TIlKXJGH Nl'3 CHl\Rl\CTER */ 


/* 
PRX:EllJRE 
TRAN9-lrr- 
CN:E 
THE 1/0SI' <XJoIRJ'reR SI~ 
THE 8051H 
~ 
BRINGnKi 


TIlE CIEAR-m-srno 
LINE 
IJ:M, 
TIlE AS::II 
CHARACTER IS 
FUI' ImCl 
TIlE SERIAL 
KlRl'. */ 


TRAN9-lrr: 
PICCEllJRE ; 
IF 
{TIlE TElMINAL 
IS 
CN-LINE} 
mm 


00; 
I 


WAITUNI'IL 
TIlE CI&R$TO$SEND 
LINE 
IS 
IJ:M AND UNI'IL THE 8051 
SERIAL 
KlRl' 
TX' IS !VI' aJ~ 


TRAN~ 
TIlE ASCII 
COlE/ 


CLEAR TIlE FLAG ·TRAN~$IN!'·. 
TIlE SERIAL 
KlRl' 
SERVICE lU1I'INE 
WILL SE:l' TIlE FLAG 


WHrn TIlE SERIAL 
KlRl' 
IS 
FINISHED 
TRAN9-lITTnKi} 


END; 
ELSE 
{TIlE TElMINAL 
IS 
IN THE LCCAL K:>DE} 


00; 
l 


RlT THE AS::II 
COlE 
IN TIlE fIFO} 


INCREMEN!' TIlE FIFO 
KlItm:R/ 


SE:l' SERIALSIN!'} 


END; 
END TRAN~; 


inter 


f* 
PR:CEnJRE 
DOCIPIlER: 
THIS 
PR:CEnJRE 
DEIXlDI:S TIlE IDSl' 
a:MR1l'ER'S 
MESSAGES AND DEl'EIMlNES 
WllE:I'HERIT 
IS 
A DISPIAYABLE CHARACTER, <rN!'R:JL 
SEUJENCE. 
OR AN EOCAPE SEUJENCE 


TIlE PR:CEnJRE 
'l'IID-I FCrS 
AO::ORDINGLY *f 


DOCIPIlER: 
STARl'$DOCI mER: 


VALID$RECEPTION=O; 
00 WHILE {TIlE Firo 
IS 
wr 
EMPlY AND TIlE CHARACTER IS 
DISPLAYABLE} 


ROCEIVE={ASCII 
<XlDE} 


CALL DISPIAY; 
{NEXT CHARACTER} 
END; 


IF 
0lARACl'ERS 
WERE DISPLAYED} THEN 


D1SABI.E SERIAL 
roRI' 
lNl'ERRJPl'} 


foOVE TIlE REMAINING CCN1'ENl'S OF TIlE Firo 
UP TO TIlE BEXlINNlN:> OF TIlE FIro} 


ElAABLESERIAL 
PORI' lNl'ERRJPl'1 


SET TIlE VALID$RECEPTION 
FLAG 


IF 
{TIlE Firo 
IS 
EMPlY} THEN {ClEAR TIlE "SERlAL$lNI' 
FLAG AND REIU~} 


IF 
{TIlE NEXT CllARACTER IS 
AN "ESe" CODE } THEN 


00: 
{lD(J( 
NX 
TIlE CHARACTER IN TIlE Firo 
AFTER TIlE ESe 
CODE AND eALL TIlE CDRROCT SUBlO1l'INE} 
b.u.. UP$QlIlSER; 
CALL OOWN$QlRSER; 
CALL RIGHl'$QlRSER; 
CALL LEFT$QlRSER; 
CALL C1EAR~; 
CALL MJV$QJRSER; 
; 
CALL IDlE; 
b.u. ERASE$FIDI$0.JRSER$'r0$E2$<F~; 
CALL BLINE; 


f* ESC A *f 
/* ESC B */ 
/* ESC c */ 
/* ESC D */ 
/* ESC E */ 
/* ESC F */ 


/* ESC H */ 


/* ESC J */ 
/* ESe K */ 


I 


DISAmE TIlE SERIAL 
roRI' 
lNl'ERRJPl'} 


MJVE TIlE REMAINING CCN1'ENl'S OF TIlE Firo 
UP TO TIlE BEXllNNIl«i OF TIlE FIro} 


ElAABLETIlE SERIAL 
PORI' lNl'ERRJPl'} 


SET TIlE 
"VALID$RECEPTION" 
FLAG} 


IF 
{TIlE Firo 
IS 
fMPI'Y} THEN {CLt:AR TIlE SERlAL$lNI' 
FLAG AND ~} 


END; 


IF 
{'mE 
NEXT OlARAC'reR 
IS 
A CONl'R:>L rore} 
omm 


00; 
{CALL 'mE 
RIGIfl' 
SUBIOJl'INE} 


/* C'll. 
H */ 


/* C'll. J */ 


/* C'll. 
L */ 
/* C'll. 
M */ 


I 


DISAIlIE 
'mE 
SERIAL 
PORI.' INl'ERRJPl'} 


KlVE 'mE 
RFlolAINING cx:Nl'ENl'S OF 'mE 
FIro 
UP 'ID 'mE 
BmINNIN:; 
OF 'mE 
FUU} 


E1lABLE 'mE 
SERIAL 
FORI' INl'ERRJPl'} 


SET THE "VALID$REX:EP1'I~" 
FLl\G} 
. 


END; 


IF 
(N:) VALID COOE WAS REX:EIVID 
("VALID$REX::EPl'I~" 
IS 
Ol) 
omm 


1 
'mR:M 'mE 
OlARAC'reR oor 
AND IOJE 
THE REMAINIl«l cx:Nl'ENl'S 
OF 'mE 
FIro} 


UP 'ID 'mE 
BmIltiING} 


IF 
{'mE 
FIro 
IS 
EMPlY} omm 
{CIEAR TIf€ SERIAL$INl' 
FLl\G AND REnJRiI} 


/* 
PRX:EllJRE 
DISPLAY: 
THIS 
PRlCEIlJRE 
WILL T1IKE THE Bfi'E 
IN RAM lABELED 


REX:EIVE AND FUr 
IT 
INro 
'mE 
DISPLAY RAM. */ 


DISPLAY: 


{FUr 
INro 
THE DISPLAY RAM I.CX:M'I~ 
FOINTElJ 'ID ~ 
"DISPLAY$RAM$FOINTER 


'mE 
<nlI'ENl'S 
OF REX:EIVE} 


IF 
1'mE 
END OF 'mE 
DISPLAY MEKlI« 
lIAS BEt2l RFJ\CHID} omm 


RESET "DISPLAY$RAM$FOINTE:R" 'ID 'mE 
BmINNIN:; 
OF 'mE 
RAM} 


ELSE 
{It«:mMENl' 
"DISPLAY$RAM$FOINTER"} 


IF 
{'mE 
ClJRSER IS 
IN 'mE 
UlSr 
(DUM! OF 'mE 
CRr 
DISPLAY) 
omm 


00; 
{KlVE THE OJRSER Ill\(]( 
'ID THE BmINNIN:; 
OF THE LINE} 


IF 
{'mE 
NEW DISPLAY RAM UlCATI~ 
HAS A fNI>-Ct'-LINE 
CHAR1C1'ER IN IT} 
omm 


CALL FILL; 


IF 
{1liE ClJRSER IS 
~ 
THE UlSr 
LINE OF THE CRr 
DISPLAY} 
omm 


CALL SCRXL; 
ELSE 
{KlVE THE OJRSER 'ID THE NEXT LINE} 


END; 
ELSE 
{IlCREMENI' 
THE OJRSER'ID 
THE NEXT UlCATI~} 


{'llOO 
THE ClJRSER ~ 
} 
CALL LCllIIX:URSER; 
);H) 
DISPLAY; 


LINE$FEED: 


IF 
I'llIE 
OJRSER 
IS 
IN 'llIE 
Ll'SI' 
LINE OF 'llIE CRT DISPLAY} 'mEN 


CALL SCKlIL; 
EU;E 
00; 


! 
K:IIIE 'llIE 
OJRSER TO 'llIE 
NElIT LINE} 


~ 
'llIE 
OJRSER CN} 
CALL Ull'.D$OJRSER; 


EN); 


IF 
!'llIE 
DISPLAY$RI\M$POIm'ER 
IS 
CN 'llIE 
Ll'SI' 
LINE 
IN 'llIE 
DISPLAY RI\M} 'mEN 


K:IIIE 'llIE 
DISPLAY$RI\M$POIm'ER 
ro 
'llIE 
FIRSI' 
LINE 
IN 'llIE 
DISPLAY RI\M} 


EU;E 
IK:IIIE 'llIE 
DISPIAY$RI\M$POIm'ER 
ro 
'llIE 
NElIT LINE 
IN 'llIE 
DISPLAY RI\M} 


IF 
I'llIE 
FIRSI' 
CHARACTER IN 'llIE 
NDl LINE <XlNl'AINS AN END-OF-LINE 
CHARACTER } 'mEN 


CALL FIIL; 


EN) 
LINE$FEED; 


<;ALL 
BLAM< I 
\ DISABLE VERTICAL REl'RI\CE Im'ERRJPl'} 


IF 
I'llIE 
FIRSI' 
LINE 
OF 'llIE CRT <XlNl'AINS TIlE Ll'SI' 
LINE OF 'llIE 
DISPLAY MIHlRIC} 'mEN 


K:IIIE 'llIE 
POIm'ER 
"LINEO" 
ro 
TIlE BEX>INNIN:>OF 'llIE 
DISPLAY MIHlRIC} 


EU;E 
IK:IIIE "LINEO" 
TO TIlE NElIT LINE 
IN TIlE DISPLAY MIHlRIC} 


ItlWlU: 
VERTICAL REl'RI\CE Im'ERRJPl'} 


inter 


1IJolE: 


{l()VE TIlE aJRiER 
RlSITIeN 
ro TIlE UPPER LEfT ~ 
~ 
OF TIlE eRI'} 


['IUlfi 
TIlE aJRSER eN} 


CALL LOAD$aJRSER; 
{l()VE TIlE DISPLAY$lWI$FOINl'ER ro TIlE CDRR&:T lOCMIeN 
IN TIlE DISPLAY JWoI} 


IF 
{TIlE aJRSER 
IS IC1' eN TIlE Ll\9l' 
LINE OF TIlE CRl' DISPLAY} 'DIm 


9l'ARl'ING wrm 
TIlE tlEXT LINE, PUr AN EMH)F-LINE 
CIIARlCl'ER (OFlH) 


IN TIlE DISPLAY JWoIlOCMICNS 
THAT CDRRESIQlD ro TIlE BB;lNNIM; 
OF 


TIlE CRl' DISPLAY LINES UNl'IL TIlE IIJ1T(J( 
OF TIlE CRl' 0CREDl lIAS BEm 
REl'OIED} 


END; 


/*PRX:EIXJRE MJII$QJRSER: nus 
PRJCEnJRE IS USED IN CCtUUlCI'IeN 
WITH I'VRDSI'AR 


IF A EOC F IS 
REI:EIVED FlOI 
TIlE IKlSl' CXMR1l'ER, TIlE TElMINAL <nmVILER 
WILL 


RFADTIlE tlEXT 'lW) ~TE ro IlEl'ER1INE WllEREro /oVIIETIlE aJRSER. 
TIlE FI R9l' ~TE 


IS TIlE lOoI INFORoIATIeN FOI.LGiED ~ 
TIlE OOIUIN INFORoIATIeN */ 


l 


WAITUNl'IL TIlE FIFO lIAS REI:EIVED TIlE tlEXT 'lW) CIlAAACTERS} 
MJIIE TIlE aJRSER ro TIlE lOCMIeN 
SPB::IFIED 
IN TIlE ES:APE ~} 


MJIIE TIlE DlSPLAY$JWoI$FOINl'ERro TIlE CDRROC'!'lOCMIeN} 


IF TIlE FIRSI' 
CIlAAACTERIN TIlE NBi LINE lIAS AN tlID-OF-LINE 
CIlAAACTER}'DIm 


CALL FILL; 
ElID; 
I 


DlSI'.BLETIlE SERIAL FORI' mrERRJPl'} 


MJIIE TIlE RFMAINCCNl'ENl'S OF TIlE FIFO UP 'lW) lOCMIeNS 
IN MEM)R{} 


~ 
TIlE FIFO ~ 
'lW)} 
mABLE TIlE SERIAL FORI' mrERRJPl'} 


/* 
PRJCEnJRE LEfT aJRiER: 
nus 
PKX::EnJRE K)VES TIlE aJRiER 
LEfT ctlE ~ 


~ 
&JBl'RACTING 1 OF TIlE aJRiER 
aIDlN 
JWoIlOCMIeN 
'DIm 
CALL UW> aJRiER */ 


LEfT$aJRSER: 


IF 
{TIlE 0lRSER 
IS 
IC1' IN TIlE FIRSI' 
lOCMIeN 
OF A LINE} 'DIm 


DO; 
{l()VE TIlE aJRiER 
LEfT ~ 
ctlE lOCMIeN} 


['IUlfi 
TIlE aJRSER eN} 


CALL LONl$QJRSER; 
{~ 
TIlE DISPLAY$lWI$FOINl'ER ~ 
ctlE} 


END; 


RIGHI'$CURSER: 


IF 
I'lliE OJRSER IS oor 
IN 'lliE LAST rosITI(lII 
OF 'lliE CRr LINE} ~ 


00; 


! 
!tJVE THE aJRSER 
RIGHI' B'i (lIIE I£CATI(lII} 


'lUm 
'lllE aJRSER (lII} 


CALL LOl\D$CURSER; 
I m::REMmr 
'lllE DISPu>.Y$IWl$POIm'ER 
B'i (lIIE} 


END; 


UP$CURSER: 


IF 
I'lliE OJRSER IS oor 
(lII 'lllE FIRSI' 
LINE OF 'lllE CRI' DISPlAY} ~ 


00, 


! 
!tJVE 'lllE aJRSER UP (lIIE LINE} 
'lUm 
(lII 'lllE aJRSER} 


CALL LOl\D$CURSER, 


IF 
!'lliE DISPIAY$IWl$POIm'ER 
IS 
IN 'lllE FIRSI' 
LINE OF DISPlAY MEKlRi'} ~ 


!tJVE 'lllE DISPIAY$IWl$POIm'ER 
TO 'lllE LAST LINE OF DISPlAY MEKlRi'} 


ELSE 
IK>VE 'lllE DISPIAY$IWl$POIm'ER 
UP (lIIE LINE IN DISPlAY MEKlRi'} 


IF 
I'lliE FIRSI' 
I£CATI(lII OF 'lllE NDi LINE aM'AINS 
AN EMr<>F-LINE 0iARl'Cl'ER} 
~ 


CALL FILL; 


/* 
PRXEroRE 
IXlWNCURSER: THIS PRXErlJRE 
K>VES THE aJRSER 
IXlWNONE !O'/ 


B'i ADDING 1 ro 
'lliE aJRSER 
!O'/ 
IWl I£CATI(lII ~ 
CALL LOl\D CURSER */ 


IXlWN$CURSER: 


IF 
{'lliE CURSER IS oor 
(lII THE LAST LINE OF 'lllE CRr DISPlAY} ~ 


00; 


! 
1URN 'lliE aJRSER (lII} 
!tJVE 'lllE OJRSER TO 'lllE NElIT LINE} 


CALL LOl\D$CURSER, 


IF 
!'lliE 
DISPIAY$IWl$POIm'ER 
IS oor 
(lII 'lllE LAST LINE OF 'lllE DISPlAY MEKlRi'} 


!tJVE 'lliE DISPIAY$IWl$POIm'ER 
TO 'lllE NEXT LINE IN 'lllE DISPlAY MEKlRi'} 


ELSE 
{!tJVE 
T!IE 
DISPIAY$IWl$POIm'ER 
TO 'lllE FIRSI' 
LINE IN 'lllE DISPlAY MEKlRi'} 


IF 
{'lliE FIRSI' 
CHAAACTERIN 'lllE NDi LINE IS AN ElID-OF-LINE CHAAACTER}~ 


CALL FILL; 


inter 


Cl\RIW\GE$RE:I'lJm : 


{ 


MJIIE 'lllE 
DISPLAY$AAM$POIN1'ER ro 
'lllE 
BEXiINNIN:; OF 'lllE 
OJRRENl' LINE 
IN 'lllE 
DISPLAY MEH:ll~} 
MJIIE 'lllE 
OJRSER ro 
'lllE 
BEXiINNIN:; OF TIlE OJRilENl' 
LINE OF 'lllE 
CRI' DISPLAY} 


~ 
'lllE 
OJRSER OO} 
CALL I.Ol\O$OJRSER; 


/* 
PRX:EllJRE 
LON) CURSER: LON) CURSER TAKES TIlE VAWE HELD IN RAMAND 


L<lN)3 IT 
rnro 
'lllE 
8276 
CURSER REXiISTER. */ 


LON)$OJRSER: 
PRX:EllJRE; 
IF 
1'lllE OJRSER 
IS 
OO} 'llIm 
MJIIE 'lllE 
CURSER IW]{ 
CNro 
'lllE 
CRI' DISPLAY} 


{ 


DISABLE IIJFFER 
INl'ERRJPl'} 
WRITE ro 
TIlE 8276 
CURSER REXiISTERS TIlE X.'i 
u:x::ATIOOS} 


ENABLE IIJFFER 
INTERRJPl'} 


/* 
PR:OnJRE 
CHEn< ~uo 
RATE: T1US 
PR:OnJRE 
READS THE THREE PORI' PINS 
00 
Pi 
AND SE:I'S UP 
'mE 
SERIAL 
PORI' FOR 'lllE 
SPI'l:IFIEO 
~ 
RATE */ 


CHEn<~UO$RATE: 
I 


SE:I' TIMER 1 TO !'UlE 
1 AND AI1ro RELOI\O} 


'lURN TIMER OO} 
ENABLE SERIAL 
PORI' INTERRJPl'} 


RFAO ~UO 
RATE SWI'l'CHES AND SE:I' UP RELOI\O VAWE} 


. 
'llIl=040H; 
'llIl=OA.OH; 
'llIl=OOlll; 
THl=OE8H; 
'llIl=OF4H; 
'llIl=OFAH; 
'llIl=OFI:1I; 


/* 
00 
IS 
NOl' ALLaoiEO */ 
/* 
150 ~ 
*/ 


/* 
300 
~ 
*/ 


/* 
600 
~ 
*/ 
/* 1200 
~ 
*/ 
/* 
2400 
~ 
*/ 
/* 4800 
~ 
*/ 
/* 9600 
~ 
*/ 


inter 


/* 
PHX:EIJJRE 
REMER: 
THIS 
PHX:EIJJRE 
IS 
WIU'l'l'fN 
IS 
ASS9IIlLY 
INGIAGE. 
'l1IE 


Elm:RW. 
PRX:WJRE 
OCl\NS 'l1IE 8 LINES 
OF 'l1IE KE:i~ 
AND READS 'l1IE REllUlti 


LINES. 
'l1IE 9'l'AroS 
OF 'l1IE 8 RJmmN 
LINES 
ARE '1lII'N srollED 
IN INl'ERW. 
MlM)R{ MllWl 
CALLED ~ 
*/ 


REl\DER: 


{INITIALIZE 
FLi\GS "Irnl0".0, 
"SlIME"·l, 
0 CXJJNI'ER-O} 


00 
UNl'IL 
{ALL 8 KE:i~ 
0Cl\N LINES 
ARE READ} 


{READ KE:i~ 
0Cl\N} 


IF 
[IV KE:i WAS PRESSID} 
'1lII'N 


{m:REMmr 
0 CDlNl'ER} 


ELSE 
IF 
{'l1IE KE:i PRESSED WAS tcr 
'l1IE SlIME KEr 
THAT WAS PRESSID 
'l1IE LASr 
TIME 


'llIE 
KE:i~ 
WAS READ} '1lII'N 


{ClEAR 
"SlIME" AND WRITE ~ 
0Cl\N RESULT ro 
aJRRml'$KEr 
RAMMllWl} 


END1 


IF 
IALL 8 OCl\NS DID/'T 
HAVE A KEr 
PRESSID 
(0 CDlNl'ER-8)} 
'1lII'N 


SET KE:i0, 
AND CIEAR 
SlIME} 


/* 
PRlCEDJRE 
BLAIt<: THIS 
EKTERiAL PRlCEDJRE 
FILLS 
LINEO WITH SPACES 
(20H PoOCII) 
WRING 
'l1IE SCRJLL 
IOJTINFS. */ 


8UINK: 


00 
1= 
[aa:;INNI~ 
OF 'l1IE CRT DISPlAY 
(LINEO)} 
ro 
{LINEO + SOH} 


{DISPLAY RAM POINl'ED ro 
Bi 
"I" 
= SPACE 
(PoOCH 208)} 


NEXT I 
t1'lD1 


/* 
PHX:EIJJRE 
BLlNE: 
THIS 
~ 
PRlCEDJRE 
BLNI<S 
FIOI'l1IE 
aJRSER 
ro 
'l1IE END OF 


'l1IE DISPlAY 
LINE */ 


BLINE: 


00 f- 
{QJRRENl' QJRSER FOOITIC»l C»l CRr 
DISPLAY} ro 
{J;Np OF 1Oi} 


DISPLAY RAM POINl'ED ro 
BlC "I" 
• 
SPlICE 
(PoOCII 208) I 


NEXT I 
END1 


FILL: 


IX> I- 
{aa:;~m:; 
OF THE LINE THAT 'l1IE QJRSER 
IS 
C»l} ro 
{t1'lD OF 'l1IE 1Oi} 


{DISPLAY RAM POnmD 
ro 
BlC "I" 
• 
SPlICE 
(PoOCH 2OH)} 


NEXT I 
END1 


$OPl'IMIZE (1) 
$OOINl"JECroR 
$IDI (IAR;E) 


/*** ••*****.** •• *** ••••••••••••• 
** •• ** •••••• 
** ••••••••••• 
*•••••••••••••• 
*•• **.** 
•••••••••• 
*•••• 
*** ••• * ••• ** ••••••••••••••••••••••• 
*** •• ***.*** ••••••• 
***** •••• ** 
*••••• * 
***** ••• 
••••••• 
PIM51 
SOFl'WARE FOR THE 8051 
TEIMINI\L 
•••••••• 
••••••• 
0JNl'K>U.ER 
APPLICATICI'I Wl'E 
•••••••• 
•_.__.- 
.****** • 
••••• 
* ••••••••••• 
***.* ••••••••••• 
**** •••• ****.* ••**•••• ********* •••*** ••• ***** •• 
•• * •••••• 
*••••• 
*••••••• 
****** •• **** •• *•• *•••••• 
****** •••••••• 
***••••• **** ••••••• 


MEM)R{ MAP AS9XIATED 
WITH mRIFHERAL 
DENICE'S 
(USING KJIIX): 


8051 
WR AND READ DISPlAY 
RAM- 
AIJORESS 1001ll ro 17Cm 
8051 
WR DISPlAY 
RAMro THE 8276- 
AIJORESS 1801ll ro lFCFlI 
8276 
C£:MWID 
AIJORES5- 
AIJORESS OOOlH 
8276 
PARAMETERAIJORES5- 
AIJORESS 0001ll 
8276 
Sl'AIDS 
REXiISl'ER- 
AIJORESS OOOlH 


.; 
$SET 
(SW1) 
$RESm' 
(SW2) 


UND&XJIJEDKElrBJl\H)- 
CRl'PtM.OaJ 
,CRl'ASoI.OaJ 
,KElrBD.OaJ ,KH51.LIB 


DEIXlDED KElrBJl\H)-CRl'PtM.OaJ 
,CRl'ASoI.OBJ ,DEXXDE.OaJ ,KH51.LIB 


DEl'l'CHEI> KElrBJl\H)-CRl'PIM.OBJ 
,CRl'ASoI.OBJ ,DEl'l\CH',OBJ ,KH51.LIB 


2 
1 
3 
1 
4 
1 
5 
1 
6 
1 
7 
1 
8 
1 
9 
1 
10 
1 
11 
1 
12 
1 


DEX:IARE LLC LITERALLY 
'LO::AL$LINE$CHAlQ:'; 
DEX:IARE Rm 
LITERALLY 
'RmISTER'; 
DEX:IARE aJRRmI'$I<Ei 
LI~ 
'aJR<E{' 
1 
DEX:IARE SERIAL$SERVICE 
LITERALLY 
'SERIlJF'; 


DEX:IARE DISPLAY$AAM$POINrER 
LITERALLY • POINl"; 


DEX:IARE SERIAL$1m' 
LITERALLY 
'SERINl"; 


DEX:IARE TRAN9UT$1m' 
LITERALLY 
'TItUNl' 
, ; 


DEX:IARE aJRSER$COIalN 
LITERALLY 
'aJRSER'; 


DEX:IARE LASr$l<Ei 
LITERALLY 
•ISl'I<Fl 
• ; 


DEX:IARE aJllSER$CXlJNl' 
LITERALLY 
'CXXJN1"; 


DEX:IARE 9:1\N$ 1m' 
LITERALLY 
•9:1\N' ; 


DEX:IARE 
PO 
B'iTE 
P1 
B'iTE 
P2 
B'iTE 
P3 
B'iTE 
PSW 
B'iTE 
NX 
B'iTE 
B 
B'iTE 


SP 
B'iTE 
DPL 
B'iTE 
DPH 
B'iTE 
RXN 
B'iTE 
'ICCN B'iTE 
'IMX> B'iTE 
TLO 
B'iTE 
TLl 
B'iTE 


'Ili0 
B'iTE 
'Ili1 
B'iTE 
IE 
B'iTE 
IP 
B'iTE 
9:XJI 
B'iTE 
SIlJF 
B'iTE 


AT (80H) 
AT (90H) 
AT (OAOH) 
AT (OBOH) 
AT (ODOH) 
AT (OEOH) 
M(OFOH) 
M(8lH) 
M(82H) 
M(83H) 
AT (87H) 
M(88H) 
AT (89H) 
AT(BAH) 
AT (8BH) 
AT(OCH) 
M(800) 
AT (OABH) 
M(OBBH) 
M(98H) 
M(99H) 


$F.JEX:T 
/ ••••••••• 
BIT REGISTERS •••••••• 
/ 


/ ••••••••• 
PSW 
BITS •••••••• 
/ 
oo:::rARE 
Ci 
BIT 
1>C 
BIT 
FO 
BIT 
RSI 
BIT 
RSO 
BIT 
CN 
BIT 
P 
BIT 


Nr(007ll) 
Nr(006ll) 
AT(OOSH) 
Nr(004H) 
Nr(003ll) 
Nr(OD2H) 
Nr(OOOH) 


/••••••••• 
TOON 
BITS •••••••• 
/ 
TFI 
BIT 
Nr (8FH) 
REXi, 
TRl 
BIT 
Nr (8m) 
REXi, 
TFO 
BIT 
Nr(8Dl) 
REXi, 
TRO 
BIT 
Nr (8C11) 
REXi, 
lEI 
BIT 
Nr (8B11) 
REXi, 
ITI 
BIT 
Nr (8AH) 
REXi, 
IEO 
BIT 
Nr (89H) 
REXi, 
ITO 
BIT 
Nr (8SH) 
REXi, 


/......... 
IE 
BITS •••••••• 
/ 
EA 
BIT 
Nr (OAFH) REXi, 
ES 
BIT 
Nr (01'CH) 
!Si, 
En'l 
BIT 
Nr (OABII) !Si, 
EKI 
BIT 
Nr (OAAH) REXi, 
En'0 
BIT 
Nr (CA9H) !Si, 
EKO 
BIT 
Nr (CASH) !Si, 


/***.***** 
IP 
artS ***** •• *j 
PS 
BIT 
Nr (OOCH) REXi, 
Prl 
BIT 
Nr (OBBH) !Si, 
PXI 
BIT 
Nr(OEWI) 
REXi, 
PrO 
BIT 
Nr (OB9H) REXi, 
PXO 
BIT 
Nr(OBSH) 
REXi, 


/......... 
P3 
BITS 
•••••••• 
/ 
RD 
BIT 
Nr (OB7II) REXi, 
WR 
BIT 
Nr (OB6II) REXi, 
TI 
BIT 
Nr(OB5H) 
RBi, 
TO 
BIT 
Nr(OB4H) 
REXi, 
Im'l 
BIT 
Nr (OB3II) RBi, 
Im'0 
BIT 
Nr(OB2H) 
REXi, 
TXD 
BIT 
Nr (OBlH) !Si, 
RKO BIT 
Nr (OBOII) !Si, 


/ ••••••••• 
SOON BITS •••••••• 
/ 
9010 
BIT 
Nr (9FH) 
REG, 
90Il 
BIT 
Nr (9m) 
RBi, 
9012 
BIT 
Nr(9Dl) 
REXi, 
REN 
BIT 
Nr(!OI) 
REXi, 
TB8 
BIT 
Nr(9B11) 
!Si, 
RB8 
BIT 
Nr(9AH) 
REXi. 
TI 
BIT 
Nr (99H) 
REG, 
RI 
BIT 
Nr (98H) 
REXi; 


inter 


$EJEX:T 
$IF 
SW1 
/ •••••••••• 
**.*** 
DEX:I.ARE Q:IIJSTANrS···········**·········· 
/ 


('890-' 
, SCH,5D1,08H,00H, 
;* 
SCAN 0, 
SHIFl' KEX -0; 
8,9,0,-,\, 
A, 
BI\Q{ SPACE *; 


'uiop' 
,5BH,'@',OAH,7nl, 


;* 
SCAN 1, 
SHIFl' 
-0; 
u,i,o,p,[,@, 
LINE FEED, DELETE *; 


'jkl;:' ,000,000,'7', 


;* 
SCAN 2, 
SHIFl' 
-0; 
j ,k,l,;,:, 
~, 
7 *; 


'y',OOH,OOH,' 
dfgh', 


1* SCAN 5, 
SHIFl' 
-0; 
y, 
SPACE, d,f,g,h 
*1 


09H, 'qwsert' 
,OOH, 


1* SCAN 6, 
SHIFl' 
=0; 
TAB,q,w,s,e,r,t 
*1 


lBH,'123456',OOH, 


;* 
SCAN 7, 
SHIFl' 
=0;EOC,1,2,3,4,5,6 
*; 


28H,29H,00H,' 
=' , 7CH,IDlIO~H,OOH, 


1* SCAN 0, 
SHIFl' 
=1; 
(,) ,=, 
, 
, BI\Q{ SPACE *1 


'UIOP',OOH,OOH,Ol\H,7FH, 


;* 
SCAN 1, 
SHIFl' 
=1; 
U,I,O,P, 
LINE FEED, DELE:l'E*1 


'JKLl-*' 
,00H,OOO,27H, 


1* SCAN 2, 
SHIFl' 
=1; 
J,K,L,+,*, 
~, 
, *1 


'M<>',OOH,3nl,OOH,OOH,OOH, 


;* 
SCAN 3, 
SHIFl' 
=1; 
M,<,>,? 
*1 


OOH,'AZXCVBN', 


1* SCAN 4, 
SHIFl' 
=1; 
A,Z,X"C,V,B,N 
*; 


Iy' ,OOH,OOH,' 
DFGf', 


;* 
SCAN 5, 
SHIFl' 
=1; 
Y, 
SPACE, D,F,G,H 
*1 


lBH,'t".$%&',OOH); 


1* SCAN 7, 
SHIFl' 
=l;EOC,t,",.,$,%,& 
*1 


$ENDIF 


inter 


INR1I' 
BIT 
AT(OB4H) 
REX;, 
$ENDIF 
$IF 
SW1 
CAP$UX1< 
BIT 
AT(09S1l) 
REX;, 
SHIFT$Irn{ 
BIT AT (096H) 
REX;, 
a:NrR:>L$Irn{ 
BIT AT(097H) 
REX;, 
$ENDIF 
LOCAL$LINE 
BIT 
AT (OBSIl) 
REX;, 
Cl.E.AR$TO$SDID 
BIT AT (09311) 
REX;, 
DM'A$'l'ERoIINAL$REI\I7i BIT AT (094H) 
REX;I 


DEX:U\RE ( 


$IF 
SW1 
SAME, 
VALID$KFX, 
KElfO, 
LAST$SHIFT$Irn{ 
, 
LAST$CCNI'R:>L$Irn{ , 
LAST$CAP$UX1< , 


$ENDIF 


$IF 
SW2 
ICVFLG, 
SlCIC, 
RiFIN, 
KBDINr, 
ERR:>R, 


$ENDIF 


N&I$KE:{ , 
TRAN9UT$TCXlGIE , 
aJRSER$CN, 
SERIAL$INr 
• 
SCAN$INr. 
TRAN!MIT$INr 
, 
ES:::~, 
VALID$REX:EPI'ICIl, 
LIe, 
ENSP) 
BIT 
RJBLICI 


inter 


PLIM-51 
<XMPlLER 
CR!U:NI'R:JILER 


$E.JB:T 


18 
1 
DEJ:IARE 


I. 
J, 
K. 
AOCII$KEY • 
TRl\N9oIIT$<XlJNl' , 
TEMP, 
SIlIFl', 
aJRSER$COL. 
aJRSER$COUHl. 
aJRSER$R:M. 
aJRSER$(XXJNI' • 
FIfU. 
REx::EIVE) 
~TE 
RJBLIC; 


$IF 
SWI 


19 
1 
DEX:IARE LASl'$KEY (8) 
~TE 
RJBLIC; 


$EN)IF 


$IF 
SW2 


DEX:IARE LASl'$KEY (2) 
~TE 
RJBLIC; 


$EN)IF 


20 
1 
oo:::IARE SERIAL (16) 
~TE 
RJBLIC; 


21 
1 
DEX:IARE DISPl.AY$IlAM(7CFH) 
~ 
AT (1001ll) 
AllXILIARl; 


22 
1 
DEX:IARE 


PARl\MEl'ER$AIDRESS 
~TE 
AT (0001ll) 
AllXILIARl 
, 


<XM1l\NIl$AIDRESS 
~TE 
AT (OOOlH) 
AllXILIARi ; 


23 
1 
DEX:IARE ( 


DISPIAY$IlAM$POIm'ER. 
RASI'ER. 
LINEO, 
L) 
I«)Il[) RJBLIC; 


30 
1 


31 
1 


/* 
PRlCEllJRE 
READER: THIS 
PRlCEllJRE 
IS 
WRI'l'l»I 
IS 
ASSaoIIlLY U\NQJAGE. 
THE 


EXTERW. 
PRlCEllJRE 
&:ANS THE 8 LINES 
OF THE KEtOOMD 
AND READS THE REmJRl 
LINES. 
THE STMtlS 
OF THE 8 ~ 
LINES 
ARE 'l'HE}l S'roRm 
IN INl'ERlAL 


MJiK)R{ AIWI!i 
CALLED OJIUlENl'$KEt. 
THE PRnmJRE 
CXlNI'RJLS 2 STMtlS 
FLAGS; 


KE'{O AND SAME. KE'{O IS 
SET IF 
ALL 8 &:ANS READ 00 
KEt 
Wl'.S PRESSED. 


IF 
ALL 8 &:ANS ARE THE SAME AS THE LASr 
READItoa:lOF THE KEtBClMD, 
THEN 


SAME IS 
SEl'. 
*/ 


READER: PRlCEllJRE 
EXTERW.; 
mo 
READER; 


/* 
PRlCEllJRE~: 
THIS 
EXTERW. 
PRlCEllJRE 
FILLS 
LINEO &:AN WITH SPACES 
(20H AOCII) 


llJRItoa:l THE OCRJLL I01l'INES. 
*/ 


/* 
PRlCEllJRE 
BLINE: 
THIS 
EXTERW. 
PRlCEllJRE 
~S 
FIOI 
THE ClJRSER TO THE aID 
OF 


THE DISPLAY LINE 
*/ 


/* 
PRlCEllJRE 
FILL: 
THIS 
EXTERW. 
PRlCEllJRE 
FILLS 
THE ClJRSER LINE 
WITH SPACES*/ 


FIJ..L: 
PRlCEllJRE 
EXTERW.; 
mo 
FILL; 


/* 
PR:lCEIlJRE cmn< 
IWlD 
RATE: TllIS 
PR:lCEIlJRE READS THE TIIREE KlRl' 
PINS 
00 
PI 
AND SETS UP 
THE SERIAL 
KlRl' 
FOR THE SPe:IFIED 
IWlD 
RATE */ 


32 
1 
cmn<$IWlD$RATE: 
PR:lCEIlJRE I 


33 
2 
SCXJl=70Hl 
/* 
MXlE 1 
ENABLE Ra::EPTIoo* 
/ 


34 
2 
'lM:X)"'lM)O OR 2OH; 
/* 
TIMER 1 l\l1IO RELQN) */ 


35 
2 
TRl-l; 
/* 
TIMER 1 00 
*/ 


36 
2 
ES-l; 
/* 
ENABLE SERIAL 
INl'ERlVP1'* / 


37 
2 
mSP=I; 
/* 
SERIAL 
IN1'ERlVPl' 
MASK RJ\G */ 


38 
3 
00 CASE 
(PI 
AND 07H) I 


39 
3 
; 
/* 
00 
IS ICl' AUOIED 
*/ 


40 
3 
THI-04OH; 
/* 
ISO IWlD 
*/ 


41 
3 
THI-Ql'.OH; 
/* 
300 
Bl\UD */ 


42 
3 
THI-OlXIIl 
/* 
600 
IWlD 
*/ 


43 
3 
THl-OEBH; 
/* 
1200 
IWlD 
*/ 


44 
3 
THI-OF4H; 
/* 
2400 
IWlD 
*/ 


45 
3 
THl-lIFJ\H; 
/* 
4800 
IWlD 
*/ 


46 
3 
THl-ons; 
/* 9600 
IWlD 
*/ 


47 
3 
mol 
48 
1 
mo 
CHED<$BlWD$RATE; 


/* 
PR:lCEIlJRE 
UJAD aJRSER: 
UJAD aJRSER 
TAKES THE VAWE 
HELD IN Rl\M AND 


Illl\L'6 
IT 
INro 
THE 8276 
aJRSER 
RmISTERS. 
*/ 


49 
1 
Wl\D$OJRSER: 
PR:lCEIlJRE; 


50 
2 
IF 
aJR3ER$(N=1 
THm 


51 
2 
aJRSER$COL=aJIlSER$OJUJ4N; 


52 
2 
EXI-0; 
/* 
DISl\BLE 
IIJWER 
IN1'ERlVPl' 
*/ 


53 
2 
<x:Mll\ND$AIDRESS=8OH; 
/* 
INITIALIZE 
aJRSER 
<XHWID 
*/ 


54 
2 
PARl\MEl'ER$AIDRESS=aJPSER$(DL; 


55 
2 
PARl\MEl'ER$AIDRESS=aJRSER$R:M; 


56 
2 
EXl-l; 
/* 
ENABLE IIJWER 
IN1'ERlVPl' 
*/ 


57 
1 
mo 
LOI\D$aJRSER; 


/* 
PR:lCEIlJRE CARRI1lGE$RE:lUm 
*/ 


58 
1 
CARRIAGE$RE:IUm : 
PR:lCEIlJRE; 
59 
2 
DISPIAY$Rl\M$POINI'ERooDISPLlIY$Rl\M$POlNl'ER-<mlSER$O)UMl; 


60 
2 
aJRSER$O)llJlN=O; 
61 
2 
aJRSER$CN=11 
62 
2 
CALL UJAD$aJRSER; 


63 
1 
mo 
CARRI1lGE$RE:lUm; 


inter 


65 
2 
66 
3 
67 
3 
68 
3 
69 
3 
70 
3 
71 
3 
72 
3 


73 
3 
74 
3 
75 
4 
76 
4 
77 
4 
78 
4 
79 
3 
80 
1 


/* 
PRlCIDJRE 
~ 
OJRSER: 
TlUS 
PRlCIDJRE 
IoOVES TIlE aJRSER 
~ 
CNE R:Jo/ 


B:{ AIDING 
1 TO TIlE aJRSER 
R:Jo/ RAM UXATICN 
THE}l CALL LOl\D aJRSER 
*/ 


OCMN$CURSER: 
PRlCIDJRE1 
IF 
aJRSER$R:Jo/ 
< 18H THE}l 
00; 
aJRSE~K11 
aJRSER$R:Jo/~R$R:Jo/ 
+ 11 
CALL LOl\D$CURSER; 
IF 
DISPLA.Y$RAM$FOINTER < 780H THE}l 
DISPLA.Y$RAM$FOINTER=DISPLA.Y$RAM$FOINTER+SOH1 
ELSE 
DISPLl\:i$RAM$FOINTER= (DISPLA.Y$RAM$FOINl'ER-78111) 1 
IrDISPLl\:i 
$RAM$FOINl'ER-<:lJRSER$a>UJoIN 1 
IF 
DISPLl\:i$RAM(L)=OFlH 
THE}l 
00; 
CALL FILL; 
DISPLl\:i$RAM(L)=2OH; 
END1 
END1 
END IJaoN$CURSER; 


/* 
LCXl< roR 
END OF*/ 


/* 
LINE CHI\R1ClI:R 
*/ 


/*IF 
TRlE 
FILL 
LINE*/ 


/*WI'1'H SPJ\CES */ 


/* 
PRlCIDJRE 
UP aJRSER: 
TlUS 
PRXEDJRE 
!OJES 
TIlE aJRSER 
UP CNE R:Jo/ 
B:{ SUBl'Rl\CTItI; 
1 oro TIlE aJRSER 
R:Jo/ RAM UXATICN 
THE}l CALL LOl\D aJRSER 
*/ 


UP$CI1RSER: 
PRlCIDJRE1 
IF 
aJRSER$R:Jo/ 
>0 THE}l 


001 


aJRSER$R:Jo/=aJRSER$R:Jo/ 
- 
1; 
01RSER$CN=1; 
CALL LOl\D$CURSER; 
IF 
DISPLl\:i$RAM$FOINl'ER<5OH 
THE}l 
DISPLl\:i$RAM$FOINTER=DI SPLl\:i$RAM$FOINTER+-78OH; 
ELSE 
DISPLl\:i$RAM$FOINl'ER=DISPLl\:i$RAM$FOIN1'ER 
- 
SOH; 
L=DISPLl\:i$RAM$FOINl'ER-aJRSER$O)UJoIN 
; 
IF 
DISPLA.Y$RAM(L)=OFlH 
THE}l 
00; 
CALL FILL; 
DISPLA.Y$RAM(L)=2OH1 
END; 
END; 
END UP$OJRSER; 


/* 
LCXl< roR 
END OF LINE* / 


/* 
CHI\R1ClI:R 
*/ 


/* 
IF 
TRlE 
FILL 
WITH */ 
/* 
SPJ\CES */ 


intJ 


98 
1 


99 
2 
100 
3 
101 
3 
102 
3 
103 
3 
104 
3 
105 
3 
106 
1 


107 
1 


108 
2 
109 
3 
110 
3 
111 
3 
112 
3 
113 
3 
114 
3 
115 
1 


;* 
PRX:EI1JRE 
RIGIfl' aJRSER: 
TIllS 
PJO:El:URE 
KlVES TIlE aJRSER 
RIGIfl' ONE COUJMN 


~ 
AIDING 
1 'lU TIlE aJRSER 
COUJMN RAM LCCATlOO TIlEll CALL LOAD aJRSER *; 


RIGIfl'$QJRSER: 
PJO:El:URE; 
IF 
aJRSER$O:>IlMl 
< 4m 
TIlEll 
00; 
aJRSER$O:>IlMl-aJRSER$O:>IlMl 
+ 1; 


<llRSER$Ql= 1; 
CALL LOAD$QJRSER; 
DISPLAY$RAM$FOlm'ER=DISPLAY $RAM$FOINTER +1; 


EM); 
EM) RIGIfl'$QJRSER; 


;* 
PJO:El:URE 
LEFl' aJRSER: 
TIllS 
PJO:El:URE 
KJVES TIlE aJRSER 
LEFl' 
ONE <XlIlMl 


~ 
SUBTRl'CI'I~ 
1 'lU TIlE aJRSER 
(X)UJMN RAM LCCATlOO TIlEll CALL LOAD aJRSER *; 


LEFl'$QJRSER: 
PJO:El:URE; 
IF 
aJRSER$O:>IlMl 
>0 TIlEll 
00; 
ClJRSER$O:>IlMl-aJRSER$CO~ 
- 
1; 
<llRSER$Ql=1 
; 
CALL LOAD$O.JRSER; 
DISPLAY$RAM$FOINTER=OISPLlIY$RAM$FOlm'ER 
-1; 


EM); 
EM) LEFl'$QJRSER; 


inter 


116 
1 


117 
3 
118 
3 
119 
2 
120 
2 
121 
2 
122 
3 
123 
3 
124 
3 
125 
3 
126 
3 


127 
3 
128 
2 


129 
3 
130 
4 
131 
4 
132 
4 
133 
4 
134 
4 


135 
4 
136 
3 
137 
2 
138 
2 
139 
2 
140 
2 
141 
2 


142 
2 
143 
2 
144 
2 
145 
2 
146 
3 
147 
3 
148 
3 
149 
3 
150 
2 
151 
3 
152 
3 
153 
3 
154 
2 
155 
2 


156 
1 


/* 
PRJCEnJRE 
MJV$OJRSER: 
THIS 
PRJCEnJRE 
IS 
USED IN <XNJUICTICN 
WITH ~RDSI'AR 
IF 
A EOC F IS 
REX:EIVED FIOl 
'lllE 
IDSl' 
CQoIFUTER, 'lllE 
TERUNAL 
CCNl'K>LLER WILL 
READ 'lllE 
NEXt' 'lW) B'iTE ro 
re1'ER'IINE 
WHERE ro 
MJVE 'lllE 
aJRSER. 
'lllE 
FIRSI' 
B'iTE 


IS 
'lllE 
R:M INroffolATICN 
FO~ 
B'i 'lllE 
CDUMl 
INFOffolATICN */ 


MJV$OJRSER: 
PRJCEnJRE; 
00 
WIllIE 
FlFO<4; 
/* 
WAIT UNl'ILL 
TIlE MJV$OJRSER 
PARl\MEl'ERS*/ 


END; 
/* 
ARE REX:ElVED INro 
'lllE 
FIFO 
"/ 
~RSER$R:M; 
aJRSER$R:M=SERIl>.L(2) 
; 
IF 
aJRSER$IQl>'l»IP 
THEN 
00; 


L=DISPLAY$RAM$PO~ 
( (0JRSER$1O+-'l'IiMP) 
* SOH); 
IF 
1.>7alI 
TIIEN 
/* 
IF 
cvr 
OF 1W4 RAN:iE *1 


DISPLAY$Rl\M$POIN1'ER:L-7DOH; 
/* 
RAP AR:lJND ro 
BEXiINNIOO *1 


ELSE 
1* OF 1W4 *1 
DISPLAY$Rl\M$POINl'ER:L; 
END; 
ELSE 
00; 


IF 
aJRSER$R:M<'l»IP 
TIIEN 
00; 
L= ('l»IP-aJRSER$R:M) 
* 5OH; 
IF 
DISPLAY$RAM$POINl'ER<L TIIEN 
1* IF 
cvr 
OF 1W4 RAN:iE*/ 


DISPLAY$1W4$POINl'ER:(7DlJi- 
(L-OISPLAY$RAM$POlm'ER» 
;1* 
RAP AR:lJND ro 
END OF 1W4*1 


ELSE 
DISPLAY$1W4$POINl'ER:DISPLAY$RAM$POINl'ER-L; 
END; 
END; 
~RSER$CDUMl; 
aJRSER$(X)UMl=SERIAL 
(3); 


IF 
aJRSER$COUJ!N>TEMP 
THEN 
DISPLAY $RAM$POINl'ER:DISPLAY$RAM$POINrER+- (aJRSER$(X)IDlN-JI'EMP) 
; 
ELSE 
DISPLAY$RAM$POIm'ER:DISPLAY$RAM$POINl'ER- 
('l»IP-aJRSER$CUMl) 
; 
OJRSER$CN:1; 
CALL I£lI\D$aJRSER; 
L=DISPLAY$Rl\M$POIm'ER-OJRSER$CDUMl; 
IF 
DISPLAY$Rl\M(L):OFlH 
TIIEN 
1* UXI< 
FOR END FO LINE CIlARlCTER*1 


00; 


CALL FILL; 
1* IF 
TRJE 
FILL 
WITH SPACES *1 
DISPLAY$Rl\M(L):2OH; 


END; 
ES=O; 
00 
1:2 
ro 
FIFO-2; 
SERIAL(I)=SERIAL(I+2); 
END; 
FlFO:FIFO-2; 
ES:mgp; 
END KJII$CURSER; 


inter 


157 
1 


158 
2 
159 
2 
160 
3 
161 
3 
162 
4 
163 
4 
164 
4 
165 
4 
166 
3 
167 
4 
168 
4 
169 
4 
170 
4 
171 
3 
172 
1 


173 
1 


174 
2 
175 
2 
176 
2 
177 
2 
178 
2 
179 
1 


EIlASE$FIOI$OJRSERS'ro$END$(»'$SCRml 
: 


PKX:Er1JRE I 
CALL BLINEI 
/* 
ERASE aJRRENl' 
LINE 
*/ 


IF 
aJllSER$JOol 
< 18H THEN 


IX), 
L-DI5PU.Y$RAM$POIm'ER<UJlSER$CO~5OHI 
/* 
GEl' NEXT LINE 
*/ 


IX) WHILE 
(L < 7DOH) AND (L <> 
(LINEO AND 7FFH)) 
I 
DISPU.Y$RAM(L)=OFlH, 
/* 
ERASE lMI'IL 
LINEO OR */ 
L=~50HI 
/* 
END OF DISPU.Y 
RAM*/ 
ENOl 
L=O, 
IX) WHILE L <> (LINEO AND 7FFH) I 
/* 
ERASE lMI'IL 
LINEO */ 


DISP~$RAM(L)=OFlHl 
L=~5OHI 


ENOl 
ENOl 
ENO ERASE$FIOI$ClJRSER$'ro$EN$SCRmlI 


~: 
PHX:EWRE, 
aJRSER$JOol=OO, 
0JRSER$0JUJlN=00 
I 


aJRSER$CN=ll 
CALL I£W>$ClJRSER1 
DISPU.Y$RAM$POIN1'ER= (LINEO AND 7FFH) I 
ENO~I 


!__.•. r 


PL/M-51 
a:MPILER 


180 
1 


181 
2 
182 
2 
183 
1 


CLEM$SCREEN : 
PRXEIlJRE; 
CALL HCME; 
CALL ERASE$FIOI$QJRSER$'ro$END$OF$SCREEN; 
END CLEM$SCREEN; 


Hl4 
1 
SClOIL: 
PRXEIlJRE; 
185 
2 
CALL BLl\II(; 
186 
2 
EXO=O; 
/* 
DISABLE VERl'ICAL 
REFRESH mrERRJP1' 
*/ 


187 
2 
IF 
LINEO= 
lF80H 
nIEN 


188 
2 
LINEO= 
18000, 


189 
2 
EISE 
LINEO= LINEOi-SOH; 


190 
2 
EXO=l; 
/* 
mABLE 
VERl'ICAL 
REFRESH INmRRJPl' 
*/ 


191 
1 
END OCR)IL; 


192 
1 


193 
2 
194 
2 
195 
2 


196 
3 
197 
3 
198 
3 
199 
3 
200 
2 
201 
2 
202 
2 


203 
2 
204 
2 
205 
3 
206 
3 
207 
3 
208 
3 
209 
1 


LINE$reID: 
PRXEIlJRE; 
IF 
aJRSER$JOoi=18H 
nIEN 
CALL OCR)IL; 
EISE 
00; 


aJRSER$JOoi= 
aJRSER$1O*1; 
aJRSER$Ctl=1; 
CALL LOI\D$QJRSER; 


END; 
IF 
DISPLAY$RAM$POINl'ER 
>17FH nIEN 
DISPLAY $RAM$POINl'ER=OISPLAY$RAM$POINl'ER- 7800; 


EISE 
DISPLAY$JWl$POINl'ER=OISPLAY 
$RAM$POINl'ERI-SOH; 
L=DISPLAY $RAM$POINl'ER-<1JRSER$(X)IDlN; 
IF 
DISPLAY$JWl(L)=OFlH 
'1lIEN 
/* 
L<XJ( FOR END OF LINE CHAR1Cl'ER*/ 


00; 
CALL FIIL; 
/* 
IF 
TRJE 
FIIL 
WITII SPACES */ 


DISPLl\Y$JWl(L)=2OH; 
END; 
END LINE$FEID; 


210 
1 


211 
2 
212 
2 
213 
2 
214 
2 


215 
2 
216 
3 
217 
3 
218 
3 
219 
3 
220 
4 
221 
4 
222 
4 
223 
4 
224 
3 
225 
3 
226 
3 


227 
3 
228 
2 


229 
2 
230 
2 
231 
1 


/* 
PRX:ErlJRE 
DISPLAY: 
nlIS 
PRX:ErlJRE 
WILL TAKE THE B'iTE 
IN RAM LABELED 
RB::EIVE AND Pl1l' IT 
INl'O THE DISPLAY RAM. */ 


DISPLAY: 
PRX:ErlJRE ; 
DISPLAY$RAM(DISPLAY$RAM$POINTER) =RB::EIVE; 
IF 
DISPLAY$RAM$POINTER=7Cfll 
'llIE1'l 
/* 
IF 
EMl OF RAM */ 


DISPIAY$RAM$POINTER=OOOH; 
/* 
RAP AIOlND ro mx;INNI~ 
*/ 
ELSE 
DISPLAY$RAM$POINTER=DISPIAY$RAM$POINTERl-1; 


IF 
aJIQR$O:>IalN=4fll 
'llIE1'l 


00; 
ClJRSER$O:>IalN=OOH; 
L=DISPLAY $RAM$POINTER; 
IF 
DISPLAY$RAM(L)=OFlH 
'llIE1'l 


00; 


CALL FILL; 
DISPLAY $RAM(L) =2OH; 


EMl; 
IF 
aJlQR$IOi=18H 
'l'Hrn 
CALL OCR:lLL; 


ELSE 
aJlQR$IOi~R$1Oofl-1; 


mo; 
ELSE 


aJIQR$O:>IalN~RSER$CX>UJolNl-11 


ClJRSER$CN=1; 
CALL u::w:cuRSER; 
am 
DISPLAY; 


intJ 


232 
1 


233 
2 


234 
2 
235 
3 
236 
3 
237 
3 
238 
3 
239 
3 
240 
2 
241 
3 
242 
3 
243 
3 
244 
4 
245 
4 
246 
4 
247 
4 
248 
3 
249 
3 
250 
3 
251 
3 
252 
2 
253 
3 
254 
3 
255 
3 
256 
3 
257 
2 
258 
3 
259 
3 
260 
3 
261 
3 
262 
3 
263 
4 
264 
5 
265 
5 
266 
5 
267 
5 
268 
5 
269 
5 
270 
5 
271 
5 
272 
5 
273 
5 
274 
5 
275 
5 
276 
5 
277 
5 
278 
4 
279 
3 


;* 
PICCED.JRE DEJ:IPtlER: 
T1US PICCED.lRE D&:X)[)ES THE IlC6l' 
CXJ41'l1mR'S 
MESSl\GFS AND DETEIMINES 


WIIE1'IlER IT 
IS 
A DISPLAYABLE <::HARl'Cn:R, CXNl'R:>L SEJ;lUEN:E, OR AN E9:APE 
~ 
THE PICCED.lRE THm 
1ICTS AoCXXlR)IN:lIH*; 


DEJ:IPtlER: 
PICCED.JRE , 
9l'ARl'$DEJ:IPtIER: 
VALID$RB:EPrICN-O; 
1-0, 
00 WHILE (I<Flro) 
AND (SERIAL(I»lPH) 
AND (SERIAL (I) <'7FH) ; 
REX:EIVE~AL 
(I) , 
CALL DISPLAY; 
I~1+1; 
mol 
IF 1>0 'mm 
00; 
ES=O; 
;* DISABLE SERIAL 
INTERRlPT 
WHILE !IJI1IN3 
FIro 
*; 


K=FIFO-I; 
00 
J=O 
ro 
K; 
;* MJIIE Flro 
*; 
SERIAL(J)-sERIAL(I); 
1=1+1; 
mol 
FlFO=KI 
ES=DlSP, 
;* DlABLE SERIAL 
INTERRlPT *; 
VALID$RB:EPrICN=l; 
mol 
IF 
FlFO=O 
'mm 
00; 


SERIAL$IN'l'-0; 
wro 
mD$DEX:IPIIER; 
mol 
IF 
(SERIAL (0) =1BIl) 
'mm 
00; 
IF 
(ESC$SEQ=l) 
AND (FIro<2) 
'mm 
wro 
DlD$DEX:IPtIER; 
K=(SERIAL(l) 
AND SFH)-400, 
IF 
(K >0(0) 
AND (K<OCH) 'mm 
00; 
00 CASEK; 


; 
CALL UP$C1JRSERI 
CALL IXlfi$OJRSER; 
CALL RIGHl'$OJRSER; 
CALL LEfT$OJRSER; 
CALL CLEAR$sc::RE:mI 
CALL MJV$OJRSER; 


;* ESC A *; 
;* ESC B *; 
;* ESC C *; 
;* ESC D *; 
;* ESC E *; 
;* ESC F *; 
;* ESC H *; 
; 
CALL ERASE$FIOI$OJRSER$TO$END$(F~; 
;* ESC J *; 
CALL BLINE; 
;* ESC K *; 
mol 


mol 
ES=O; 
;* DISABLE SERIAL 
INl'ERRJPrS 
WHILE !IJI1IN3 
Flro 
*; 


280 
4 
281 
4 
282 
4 
283 
3 
284 
3 
285 
3 
286 
3 
287 
4 
288 
4 
289 
4 
290 
4 
291 
3 
292 
2 
293 
3 
294 
4 
295 
4 
296 
4 
297 
4 
298 
4 
299 
4 
300 
4 
301 
4 
302 
3 
303 
4 
304 
4 
305 
4 
306 
3 
307 
3 
308 
3 
309 
3 
310 
2 
311 
3 
312 
3 
313 
4 
314 
4 
315 
4 
316 
3 
317 
3 
318 
3 
319 
2 
320 
2 
321 
2 


00 
1=0 ro 
(FIffi-2); 
SERIAL(I)=SERIAL(I+2); 
/* MJVE FIFU */ 
END; 
FIFlFFIffi-2; 
ES=mSp; 
/* 
mABLE 
SERIAL 
INl'ERRJPl'S 
*/ 
VALID$RECEPTION-1; 
IF 
FIf':PoO 
mm 
00; 
SERIAL$ INl'=0; 
roro 
END$DEX:IFliER; 
END; 
END; 
IF 
(SERIAL(O» 
07H) 
/\NO (SERIAL (0) <0Eli) 
mm 


00; 


00 CASE 
(SERIAL(O) 
-OSH) , 
CALL LEFT$OJRSER, 
/* 
Cl'L H */ 
, 


CALL LINE$FEED; 
/* Cl'L J */ 
, 
CALL CIEAR$SCREm, 
CALL CARRIl\GE$RE1UItl; 
END; 
ES=O, 
00 1-0 ro 
(FU'(}-l), 
SERIAL (I )=SERIAL (1+1) , 
END; 
FIFO=FIffi-1, 
ES=m5P; 
VALID$RECEPTION-1, 


END, 
IF 
VALID$RECEPTION=O mm 
00, 
ES=O; 
00 
1=0 ro 
(FIffi-1); 
SERIAL(I)=SERIAL(I+1) 
, 
END; 
FIFO=FIffi-1; 
ES=m5P; 


END, 
IF 
FIFlFO 
mm 
SERIAL$INl'=O; 
END$DEX:IFIiER: 
END DEX::IFIiER, 


/* Cl'L L */ 
/* Cl'L M */ 


/* 
DISABLE SERIAL 
INl.'ERRJPl'S 
WHILE MJIIItI; 
FIFU */ 


/* MJVE FIFU */ 


inter 


1* PRXEIJRE 
TRAN9oIIT- 
nus 
PRXElJRE 
UXJ<S Kr TIlE ClEAR ro 
SEND PIN 
roR 
AN ACTIVE 


lDIi 
SIQW.. 
<H:E 
TIlE Ml\IN CCMFlJ'mR SIQW.S 
TIlE 8051 
TIlE AOCII 
CHARACTER IS 
ror 


IN'lU TIlE SERIAL 
FORI'. *1 


322 
1 
TRAN9oIIT: 
PRXEIJRE; 


323 
2 
IF 
r.o::AL$LINE 
=1 nIm 


324 
3 
00; 


325 
4 
00 WHILE 
(CLEM$TO$Sal\)ol) 
OR (TRAN9oIlT$INT=0) 
I 


326 
4 
mo; 


327 
3 
SBUF:ASCII$KE:i 
; 


328 
3 
TRAN9oIlT$lNl'-O; 


329 
3 
mol 


330 
2 
ELSE 
00, 


331 
3 
SERIAL (Flro) 
:ASCII$KE'l; 


332 
3 
FlfOooFlro+-l; 


333 
3 
SERIAL$INT=l; 


334 
3 
mol 


335 
1 
mo 
TRAN9oIlT; 


336 
1 


337 
2 
338 
3 
339 
3 
340 
3 
341 
3 
342 
3 
343 
3 
344 
2 


345 
3 
346 
4 
347 
4 
348 
4 
349 
5 
350 
5 
351 
5 
352 
5 
353 
4 
354 
3 


355 
4 
356 
4 
357 
4 
358 
4 
359 
4 
360 
4 
361 
3 
362 
1 


Al1IO$REPEAT : 
PRXEIJRE; 
IF 
~=1 
nlEN 
00; 


TRAN9oIIT$'l'<XliLE=0; 
TRAN9oIIT$o:XJNT=ODOII; 
CALL TRAN9oIlT; 
1* FIR9I' 
CIlAAACTER *1 
NEW$Kk:i =0; 


mo; 
ELSE 
00; 


IF 
TRAN9oIlT$O:XJNT <> 
0011 nlEN 
00; 
TRAN9oIlT$o:XJNT='l'RAN9oIlT$O:XJNI'I-1; 
IF 
TRAN9UT$o:XJNT=OFFH 
nlEN 
I*WR 
I£l'WEEN FIRSI' 
CIlAAACTER AND TIlE SEXXH> *1 


00; 


CALL TRAN9UT; 
I*SEXXH>CIlAAACTER *1 
TRAN9UT$o:XJNT=OO; 
mol 


mo; 
ELSE 
00; 
amsER$(N=1; 
01RSER$0:XJNT=0; 
IF 
TRAN9UT$'roa:iLE 
= 1 nIm 
1* 2 VERI' FRAMES BEniEEN 
311l ro 
Nl'H CIlAAACTER *1 


CALL TRAN9UT; 
1* 
311l nuoJGII 
Nl'H CIlAAACTER *1 


TRAN9oIlT$'roa:iLE= 
IDl' 
TRAN9UT$'roa:iLE; 
mol 
mol 
mo 
AllTO$REPFAT; 


inter 


363 
1 


364 
2 


365 
2 


366 
1 
367 
1 
368 
1 
369 
1 
370 
1 


371 
1 
372 
1 


373 
1 
374 
1 
375 
1 
376 
1 
377 
1 


378 
2 
379 
2 
380 
2 


381 
1 
382 
1 
383 
1 
384 
1 


385 
1 
386 
1 
387 
1 


388 
1 


389 
1 


/**** •••• ***.* •••• *.* srARr MAIN PRlGRN-1, 
•••••••••••••• 
** ••••• 
*** ••• / 


/* 
BffiIN 
Il'f RmII«i 
ASCII 
CCOE FOR IlLI\tI( 
IN TIlE DISPI.A:i 
RAM;*/ 


INIT: 
00 
L=O TO 7Crn; 
DISPLAY$RAM(L)=20H; 


END; 


FS::$SEQ=O; 
SCAN$INT=O; 
SERIAL$INT=O; 
FIFOcO; 
aJRSER$CnJNI'=O; 
LLC=O; 
MTA$TEIMINAL$REAI7i =1; 
'l'<nl=05H; 
LINEO=1801ll; 
RASTER~1801ll; 
DISPLAY$RAM$POINTER=OOOlll; 
TRANg.jIT$INT=l; 


$IF 
SW1 


00 1=0 TO 7; 


LAST~(I)=OOH; 


END; 


VALI~=O; 
LAST$SHIFT~=l; 
LAST$CXlNl'R)L~=l; 
LAST$CAP$UJ(](=l; 
$ENDIF 


$IF 
SW2 


FCVFLG=O; 
SYlC~OI 
Il'fFIN=O; 
KBDINI'=O; 
ERKlRzO; 
$ENDIF 


/* INITIALIZE 
TIlE 8276 */ 


CXHWID$AIJ)~S=OOH; 
PARl\MEl'ER$AIJ)~S=4nI; 
PARAMEl'ER$AIJ)~S=58HI 


/* RESEr 
TIlE 8276 
*/ 
/* OOIfolAL lOiS, 
80 
CIIARAC'l'ElVR:M 
*/ 
/* 2 R:M <XlJNl'S PER VERl'ICAL 
RE:rRACE 
25 lOiS PER FIW4E */ 
/* LINE 
9 IS 
TIlE UNreRLINE 
POSITICN 
10 LINES 
PER R:M 
*/ 
/* 0FFSE:l' 
LINE CXXJNl'ER, lCIl-'l'Rl\NSPARENl' 
FIELD 
A1'l'RIBJm 


PARAMEl'ER$AIJ)~S=89H; 


PARl\MEl'ER$AIJ)~S=OF9H; 


PL;'M-51 
CDlPILER 
<::Rl'Cnll'IVILER 


390 
1 
TEMP=<X:l+WID$AOORESS; 


391 
1 
aJRSER.$OJUfoIN=OOH; 


392 
1 
aJRSER$IVW=OOH; 


393 
1 
OJRSER.$OJL=OOH; 


394 
1 
CALL LOI\O$OJRSER; 


395 
1 
TEMP=<X:l+WID$AOORESS; 


396 
1 
<Xl+IAND$AOORESS=OECIl; 


397 
1 
TEMP=<X:l+WID$AOORESS; 


398 
1 
<Xl+IAND$AOORESS=23H; 


399 
1 
CX»lAND$AOORESS=MOH; 


400 
1 
TEMP=<X:l+WID$AOORESS; 


/* 
STARr 
DIS~ 
*/ 
/* 
ElWlLE 
IN1'ERRJP1'S 
*/ 


$IF 
SW1 
IP-1OH; 
IE=85H; 
$E2IDIF 


$IF 
SW2 
IP-1OH; 
IE=87H; 
'lM)[)=05H; 
n.o=~; 
TII0=~; 
TRO=l; 
$E2IDIF 


/* 
SERIAL 
PORT Hl\S HIGHEST PRIORI'lY 
*/ 


/* 
ElWlLE 
8051 
EKTE~ 
INTERRIPl'S 
*/ 


/* 
SERIAL 
JiORT Hl\S HIGHEST PRIORI'lY 
*/ 


/* 
ElWlLE 
TIMERO INl'ERRJPl'* / 
/* 
TIMER. 0 -EVDft' 
00lN1'ER 
*/ 


/* 
INITIALIZE 
00lN1'ER 
oro FFFl'H* / 


/* 
PRX:EIlJRE 
SCANNER: THIS 
PRX:EIlJRE 
s:ANS 
THE KEiBOl'.RD AND DE1'EH'IINES IF 
A 
SIlGE 
VALID KEi 
Hl\S ~ 
RJSHED. 
IF 
TRJE 
THEN THE AS:II 
~IVALENl' 
WILL BE TRAN~ITTED 
oro THE II)ST 
a:.toUUreR.*/ 


403 
1 
SCANNER: 
FA=l; 


404 
1 
DM'A$TEJfUNAL$REAIJ'{ =0; 


405 
1 
IF 
OJRSER$CaJNl'= 
1Fll THEN 


406 
2 
00; 


407 
2 
OJRSER$<N=N:II' 
OJRSER$Gl; 


408 
2 
OJRSER$CaJNl'=OO; 


409 
2 
IF 
OJRSER$Gl=O 
THEN 


410 
2 
aJRSER$OJL=7m; 


411 
2 
CALL LOI\O$aJRSER; 


412 
2 
END; 


413 
1 
IF 
IU:<>ux:AL$LINE 
THEN 


414 
2 
00; 


415 
2 
IF 
ux:AL$LINE=O 
THEN 


416 
3 
00; 


417 
3 
~Sp..O; 


418 
3 
ES-01 


419 
3 
END; 


420 
2 
ELSE 
CALL am:1<$IWJD$Ill\TE; 


421 
2 
IU:=UlCAL$LINE; 


422 
2 
END; 
$IFSW1 


423 
2 
00 
WHILE s:AN$INr-0; 


424 
2 
IF 
SERIAL$INr-1 
THEN 


425 
2 
CALL M:IPHER; 


426 
2 
END; 


/* 
WlIIT UNITL VERTICAL RETRACE BEFORE */ 


/* 
9:l\NNIN:; 
THE 1WlB::lMD* / 


inter 


427 
1 
428 
1 


429 
1 
430 
1 


431 
2 
432 
3 
433 
3 
434 
3 
435 
4 
436 
4 
437 
4 
438 
3 
439 
4 
440 
4 
441 
4 
442 
3 
443 
4 
444 
4 
445 
5 
446 
5 
447 
5 
448 
5 
449 
4 
450 
5 
451 
5 
452 
5 
453 
5 
454 
4 


455 
5 
456 
5 
457 
5 


458 
6 
459 
6 
460 
6 


461 
7 
462 
7 
463 
7 
464 
7 
465 
8 
466 
8 
467 
8 
468 
8 


469 
8 
470 
7 
471 
6 
472 
5 
473 
5 
474 
5 
475 
5 
476 
5 
477 
5 
478 
4 
479 
3 


480 
4 
481 
4 
482 
4 
483 
3 
484 
2 


CALL REMER; 
IF 
VlU.ID$I<£{ 
=1 AND SAME=1 AND (IAS'l'$SHIFl'$KFY=SHIFl'$I<£{) 
AND 


(IAS'l'$CAP$LCQ('O.P$LCQ() 
AND (IAS'l'$(XNl'R)L$KE:t-aNl'R)L$KFY) 
'rnm 


CALL AIJ'ro$REPFAT; 


ELSE 
00; 
IF 
KFYO-O AND SAME=O 'rnm 


00; 
TEMP =0; 
K=O; 
00 WHILE IAS'l'$KEY (K) -0; 
K=t<+l; 
END; 
TEMP-LAST$KEl( (K) ; 
00 
I-(K+l) 
ro 
7; 
TEMP=nMP+- IAST$I<£{ (I ) ; 
END; 
IF 
TEMP=IAS'l'$KEY (K) 'rnm 
00; 
J-O; 
00 
WHILE 
(TEMP AND OlH)-O; 


TEMP-SIIR 
(TEMP, 1) ; 
J=J+l; 
END; 
IF 
TEMP > 1 'rnm 
00; 
VlU.ID$KEY-O; 
~-O; 
END; 
ELSE 
00; 
IF cx:N1'IVL$KE:{-0 'rnm 
ASCII $I<£{ - (I.ai$SCAN (K) .KFY (J)) 
AND 1m; 
ELSE 
00; 
IF 
SlfiFr$KEY =0 'lBEN 
ASCII$KEY=I.ai$SCAN 
(K+08H).KFY 
(J); 
ELSE 
00; 
ASCII$KEY -I.ai$SCAN 
(K) •KFY(J) ; 
IF 
(CAP$LCQ(=O) 
AND (ASCII$I<£{>6OH) 
AND (ASCII$I<£{<7IlII) 
'lBEN 


ASCII $I<£{ ~II 
$I<£{ - 200; 
IF 
UC-O 
'lBEN 
00; 
IF 
ASCII $I<£{ =1BH 'rnm 
ESC~11 
ELSE 
ESC~O; 
END; 
END; 
ENDI 
IAST$SHlFl'$iCEX >SHIFr$l<£{ 
I 


IAST$CAP$LCQ(=CAP$LCQ( 
; 


IJ\ST$(XNI'R)L$KFY 
-aN1'KlL$KE:t 
; 
VlU.ID$KJ;Y-11 
NEW$KFY=1; 
END; 


END; 
ELSE 
00; 
VlU.ID$KJ;Y=0; 
NEW$KFY=O; 
END; 
END; 


END; 


$IF 
SW2 


IF 
SERIAL$INT:l 
THEN 
CAIJ.. OEX:I!'HER; 
IF 
KBDINT :1 
T!IEN 
DO; 
IF 
ERROR :0 
T!IEN 
DO; 
ASCII$KR{:LST$KR{ 
(1); 
~:1; 
CAIJ.. AUTO$REPFAT; 
KBDINT:O; 
END; 
ERKlR:O; 
KBDINT:O; 
END; 
SENDIF 


M:XXlIE INFU~Irn: 
ODE 
SIZE 
CCNSI'ANr SIZE 
DIRErI' 
VARIABLE SIZE 
INDIRErI' 
VARIABLE SIZE 


BIT 
SIZE 


BIT-AOORESSABLE SIZE 
AUXILIAR'i 
VARIABLE SIZE 


MAXlKM SI'Aa< 
SIZE 


REXiISTER-BANK(S) 
USED: 


1056 
LINES 
RFAD 


o PlVGRAM ERROR(S) 


END OF PLIM- 51 CX:MPIIATIrn 


(SI'ATIC+OIIERLl\YABLE) 
: 
08E611 
2278D 
: 
008111 
1280 
2IH+ OOH 
450+- 
on 
OOH+OOH 
00+ 
OD 
10H+OOH 
160+ 
OD 
OOH+OOH 
00+ 
OD 
: 
OOOlli 
on 
= OOOCH 
120 
o 


inter 


I~I~·!I 
~~S·51 
~A~Q~ 
AS~E~8LE~ 
Y2.1 
O"JtCI 
MO"lILE 
PLA~E" 
1~ 
:rt :C'HASr4.u8J 


A~St~ ••LtQ 
I~VuKtO 
ell 
AS_51 
IF1:LHrA~~.SriC 


OU2~ 
~OuO 
01li!7 COtO 
01129 COuo 
OU2d 
115uOUO 
F 


Ou2t 
115UOUO 
F 


Ou31 
leul 
Ou3oS t2 
Ou3" 
u5uO 
F 


003b 
u2uO 
F 


Ou38 
uOuo 
OU3A 
"OtO 
Ou3L 
uOLlO 
OU3t 
oS2 


003~ 
COLlO 
Ou41 
COtO 
OU4oS LOli2 
Ollll~ COb3 
Ou41 
IHA 
Ou49 
\'0"3 
ouo" 
UOll2 


Oulill "OtO 
Oullf ,,0,,0 
Ou51 
32 


1~ 


oS 


4~ 
Ii 
7 
II 
9 
Iv 
11 
I~ 
IJ 
14 
I~ 
III 
17 
III 
I~ 
20 
21 
2C 
i!j 
24 
2) 
211 
2/ 
211 
29 
3U 
31 
3i! 
H 
3" 
3~ 
3b 
37 
311 
3'1 
IIU 
III 
lie 


113 
114 
II~ 
lib 
117 


1Ie1 
II'; 
511 


51 
5~ 
50S 


5" 
5) 
.1 


t'U"UC 
IlLAIlK 
PU"UC 
BL)IIE 
I'UIlLlC FILL 
~XTRh 
uATA 
(LlI1Eu,HA~TlR,pu)IIT,S~R1AL,~)tO,CUR~EK,LOUNT,L) 


tXTRh 
dIT 
(StRINT,~SLS~Q,THNINT,~CAN) 


CS~G 
AT (u310 
:lJMP 
VEHT 


lXTRh 
CCUE 
(uEIALH) 
CSlG 
ATIulllI) 
LJMP 
UEIAeH 


PU~H 
PUS •• 


PUSH 
MaY 
MaY 


MOY 
MOVX 
IN' 
SETB 
,",01' 
poP 
pop 
"ETI 


"USH 
I'US" 
I'U~H 
I'US" 
ACALL 
poP 
1'01' 
PO •• 
•.0•• 
I<EII 


I'h 
ACL 
UOH 
HAHtR,LINtO 
"AST~Rtl,LINtO.l 
HOdlOl1l 
A,,,RU 
l.o,,~r 
SCA~ 
UOH 
AC\; 
PS~ 


. Ph 
AC~ 
liFL 
lIF" 
U"A 
UP" 
uPL 


AC~ 
..5. 


;CLR 
Be7li 
lNTEI<RuPl 
rLAG 


,INCH 
CUHStR 
CUUNT 
R~G1STEH 


,FOR 
DEBOUNCt 
HOUTIN~ 


/POp 
REGlSTEtiS 


M~S·51 
~A~R,", AS~E,..~••E" 
CHUS" 


LUC 
UBJ 
L!~c 
~OUH~E 


5b 


Ou5c 
3O~'1u~ 
5/ 
~E~8UFI 
JNIl 
u~~~,CvE~ 
'H lHAN~MIT 
81T 
~uT 
S~T 
THE~ 
~HEC~ 
HE~EAYt 
Ou5~ 
~2~'1 
50 
~LH 
u~'1~ 
,CLR 
THA~SMI~SAO~ 
&I'" 
E~R"'PT 
fLAG 
Ou57 
v2vO 
F 
5~ 
HfS 
1"~I"T 
InTb 
TRU~ 
INl 
I'O~ PLI',51 :'UTuS 
CHECK 
Ou5~ 
cOvec8 
bU 
IivtR: 
J8 
~eH, ••eIlA~K 
I IF 
HI 
NOT 
StT 
G~BACK 


OU5~ 
~OV1 
b1 
I'U~H 
vi 


Ou5~ 
A'1'1'1 
~c 
MOV 
HI,SIlI.I' 
,R~AU 
liB"'F 


Ollbu ~2'18 
6J 
CL~ 
U'1~~ 
,CLEAR 
RI 
bIT 


Ou~c 
~OUO 
b~ 
t>USH 
PS~ 
,PUSH 
HE~ IntR~ 
uStO 
8Y 
PLM51 
006Q 
CO~o 
6~ 
I'UliH 
AC~ 


~U6b 
eouo 
60 
PUliH 
UOH 


006b 
~2vO 
F 
67 
~L~ 
t!~StG 
,CLR 
EliC 8tQuENC~ 
fLAG 
OU6A 
74UO 
F 
6d 
MOv 
A,.StRUL 
,GI.T StRAAL 
1'11'0 
RAM 
STAHT 
LUCAUON 
Ou6e 
~500 
F 
6'/ 
AOu 
A,I'Ue 
,A~O 
Fl~u 
HOA 
fAit INTO 
THE 
FIFu 
liE ARE 


OvbE 
F8 
7U 
MOil 
HO,A 
,PuT 
IT 
I~TO 
RO 


OUH 
t'1 
71 
MOV 
A, ~ I 


OU71l 
~2t7 
7c 
l.LH 
uE711 
,CLR 
8lY 
7 
Of 
AC~ 


OU7e 
Fb 
7J 
1040'1 
.Rv,A 
,PUT 
OAU 
IN 
FIFU 
OU7J 
b41BV2 
7Q 
CJNE 
A,"bH,OvE~l 
,If 
UATA 
IS 
NOT 
A 
UC 
~EY 
THI:N 
GO 
UYtR 


007 •• V2UO 
F 
7~ 
llETS 
t8CStQ 
,SeT 
E~C 
81.QUENCt 
fLAG 
Ou7d 
u5uO 
F 
7b 
UYtR11 
INC 
fIfe 
,MOY 
FIF~ 
TO 
NtXT 
LOCATION 
OU7A 
vi!UO 
F 
7/ 
sETB 
SEHI~T 
,SET 
SERIAL 
INT 
aIT 
FOH 
PLM51 
liTATUS 
CHECK 


OU7(, 
vOuo 
7d 
I'OP 
UOH 
,P~P 
REG1SlEHS 


Ou7E 
"OtO 
7'/ 
I'OP 
Ace 


Ou8u 
vOuO 
8u 
POI' 
flSIl 


Ou9c 
,",Ovi 
81 
POI' 
011', 


Ou84 
j2 
82 
~OIlACKI 
"Ell 
8l 
OU8~ 
COUO 
84 
IlLAN~1 
"UliH 
P811 
,PUSH 
HE~ 
U8ED 
BY 
I'LM51 
0087 
tOtO 
.~ 
PUliH 
AC~ 


Ou8'/ 
CO~i! 
80 
PUSI' 
UPL 


OU81l 
COd3 
81 
PUSH 
UPH 


OU8v 
l.OUO 
e~ 
PUSH 
UOII 


Ou8F 
b51l002 
F 
e'1 
,"0'1 
UPL,LINEv+l 
,GI:T LINEa 
II••FU 


oo'1e: b5vOb3 
F 
'1u 
104011 
UFII,LINEO 
,AND 
PUT 
IT 
INTO 
OPT" 
Ou'1~ 
78~0 
'11 
1',0'1 
"O,'!:iOH 
,NUMIlEH 
OF 
CHAHACTERS 
IN 
A 
LINI: 
OoH 
/4~0 
'Ie 
,••ornT, 
MOY 
A,.2UH 
,ABCll 
SPACE 
CHAHACTER 
O\l'1~ 1'0 
'll 
MOVX 
.CI'TR,A 
,MOY 
T~ 
DISPLAY 
HAM 
OU'1A 
A3 
'1Q 
INC 
OPTR 
,II~CH 
TO 
t.tXT 
uIliPLAY 
HAM 
LOCA lION 
Ou'l" 
U8~A 
'l~ 
vJNl 
HO,~ulYE' 
,IF 
ALL 
SOH 
LOCATIUNS 
ARE 
NOT 
FILLED 


'lb 
,GU 
00 
MORE 


Ou'1v 
vOUO 
'11 
1'01' 
UOH 
,POP 
Rf.GlSTEKS 


Ou'1F 
00b3 
'Ill 
POP 
111'11 


OuA1 
uOb2 
'19 
POP 
UPL 


OUAj 
UOc.O 
10u 
POP 
ACC 


OuA::. uOuO 
101 
POP 
P8~ 


OUAI 
~i! 
lac 
HET 
10l 
+1 
lIEJECT 


inter 


"\;1-51 
,UI,;RII AI.;hBl,;E" 
C" TASp, 


LYC 
IIBJ 
L1~t. 
~OuR\.E 


10/1 


OU"o 
\;OuO 
10') 
oUNt;1 
I'U:'~ rh 
IpIIIH 
"E~IIT~R:' 
ul~O 
BY 
PLM51 
OU'" 
~OliO 
100 
pun 
••• 
C\. 


OUAI,; ~Ooi! 
101 
I'U,;I' L.Pl,; 


OU"t. 
L.Oll~ 
1011 
I'U,;I' U~h 


Ou8u 
COuo 
109 
PU:." 
vOh 


00B2 
05u003 
F 
llV 
MOV 
IoOPr"rCIN I 
IGt.T 
CuR"E~T 
011PLAY 
HAfII LYCATIO~ 
OOBS 
051100i! 
F 
I t I 
MOV 
uPL.,I"C1~'+1 


011811 /130310 
11, 
URL 
u~h,I1i1H 
III:T 
BIT 
I~ 
~O" 
"AM 
AOURtlS 
uEeOuI"'G 
OUIID 
AlIvO 
F 
OJ 
MOV 
~O,CI.oR';E" 
IGt:T 
CuR';E" 
L.OL.UMN 
I~FU 
10 
TI:LL 
HO. 


1111 
IFAR 
I/\TO 
1Ht 
1t0A 
YOU 
"RE 
Ov8u 
IlleO 
11) 
1,;01,TII 
MOV 
""2UH 
,"SCII 
I"A~E 
Ch"HAI,;Tt;R 


Ou8f 
1'0 
110 
MOVX 
.0l'TH,A 
IMOV 
TU 
uISPL."Y 
ItAM 


OuCv 
A3 
1 t 1 
INC 
IiplR 
II"'CH 
TO 
"I:XT 
uhpLAY 
HAM 
\.OCA TIU'" 
OOCI 
uB 
I III 
IN~ 
liO 


OUCe 
oB')OFB 
lt~ 
CJNE 
liO"50H,CO~T1 
IIF 
NOT 
AT 
THE 
E.,o Of 
IHt; L.II,E 


liu 
I CO~TlNl:E 


OUC:; 
liOUO 
121 
POI' 
UOH 
IpUP 
RliGlS 1EHI 


OUC7 
<1003 
122 
POI' 
UPh 


OuC9 
u002 
li!J 
I'DI' 
uPL 


OUCII 
liO~O 
12/1 
I'DI' 
ACI,; 


OUCu 
1I0UO 
1C!~ 
POP 
Ph 


OuCF a 
lell 
HET 
lU 


OuOO 
COI)O 
120 
fIL.LI 
I'USI4 "Ill 
IPulH 
HE~ISTI:RlI 
USt-O 
8Y 
PLM51 
OuOe: 
1.o0~0 
le9 
pUlIl4 .••ec 


000/1 
COoi! 
13u 
I'UliH 
1011'1. 


0000 
COll3 
131 
I'USM 
UPH 


olloli I,;OUO 
13e 
PUSM 
UOh 


OUOA 
C3 
13J 
CLK 
C 


OUOll 
05uo03 
F 
13/1 
MOV 
liPH,L 
IGET 
8I:GI""'I"'G 
Of 
LINE 
RAM 
LUCATION 
00010 
115U01l2 
F 
13') 
MOV 
UPL.,L+I 
ICALI.ULATEu 
DY 
pLM51 


OuEI 
"311310 
130 
URL 
I)Ph,UuH 
ISET 
8IT 
15 
fON 
uIspLAY 
HAM 
"OURUS 
UECOI)E 
OUE" 
IB/IF 
137 
MOV 
HO,III'H 
ISET 
UP 
COuNTEN 
fOH 
SOH 
LOCA 
TIUNS 
OUEo 
A3 
1311 
INC 
llPTR 
,IGI) P.ST 
TME 
OflH 


OUE7 
IlleO 
13'l 
CONTes 
MOV 
A,.2uM 
IASCII 
SPACE 
CHAHACTI:R 


OOE'I 
FO 
100 
1'10V X 
.0I'TH,A 
IMI)VE 
TO 
DISPLAY 
RAM 


OuE. 
A3 
101 
INI,; 
uPU 
lINCH 
TO 
NtXT 
uIlipLAY 
HAM 
LOCATIUN 
o uEll u8~. 
10e: 
IlJNZ 
HO,CU"Ti! 
,If 
ALL 
79 
LueATIo",s 
MAVE 
NOT 
IIEfN 
FILLEu 


IIlJ 
ITHEN 
CO/\TINuE 


OuEu 
uOUO 
I•••• 
POP 
UOh 
IpUP 
Rt.GlSTEHI 


Ouff 
uOll3 
10') 
POP 
UPH 


OIlFI 
UOoi! 
140 
POI' 
"PI. 


OuFJ 
"OliO 
1••7 
POP 
ACI. 


OuFS 
1l0uO 
1411 
POI' 
PSA 


OU~7 a 
1"'1 
HEr 
15u 
151 
.5e: +1 
aEJE\;T 


inter 


"'1.5-51 
MA\;R" 
AS~Er 
aL.E•• 
C~ T AS" 


LuC 
IJPJ 
u,.,~ ~OURL.E 


15J 
15~ 
'+ ••••••••••••••••••••••••••••••••••••••••••••••••••••• 
+.+ •• + •• +.+ •• 


15~ 
ITMI~ 
~OuTl"'~ 
~C~E~ 
UI~PL.A' 
I<AM u~TA 
T~ 
I<O~ aUfFtR 
0; 
1127fl 


151> i+···················································· 
.....••••.• +++ 
15/ 
OuFo 
clclll 
150 
uOllNtl 
AJMP 
U"'AC"E 
15~ 


OUFA 
1I5U01l3 
F 
Ibu 
liMAI 
MOV 
IIP",,,A~T~R 
;LvAll _nR 
PUlr.hA 
HlGtI 
aYrE 
OuFli 
oSU01l2 
F 
1b1 
MOV 
"PL.,"AST~R.l 
IlUAIl _nR 
PUI"'HA 
lUiI 
8YH. 


OIOv 
~O 
He 
MOVX 
A,.O,.TI< 


0101 
.3 
16J 
lNC 
"PIR 


0101! 
c:Oa3t'3 
16~ 
J8 
U83~,OliO"E 
lit 
lNI I HlGtI, 
ThE'" 
llMA 
U 
DYEI< 
010) 
to 
lb) 
1'10V x 
A,.O"TI< 


01011 
A3 
160 
INC 
",Pili 


0107 
~O 
IIII 
MaVX 
A,.Ct'l'" 


0101l 
A3 
160 
INl: 
UPI~ 


010~ 
~O 
Ib'l 
MOVX 
A, ••Cl'll< 


010A 
A3 
Hu 
IN!: 
IIPIR 


010b 
~O 
HI 
MOVX 
A,.Ot'TI< 


OIOC 
A3 
17c: 
lNC 
IIP1A 


01011 
to 
173 
MOVX 
A,.Ol"TI'l 


010t 
A3 
17~ 
lNC 
L>P]I; 


010; 
to 
17) 
MOVX 
A,.Ct'TI< 


011u 
A3 
17& 
INC 
llP1A 


0111 
~O 
177 
MO~X 
A,.Ot'TI< 


01lc 
A3 
1711 
INC 
IIPTR 


01lJ 
to 
179 
MOVX 
A,.OPTI< 


01U 
A3 
180 
INC 
lIPIA 


011~ 
to 
1111 
TENa 
MOVX 
A,.Ol'l" 


01111 
.3 
Illc 
INC 
L>PIA 


0111 
1;;0 
183 
MOVX 
A,.OP11< 


01111 
A3 
18q 
INC 
L>PTA 


011'1 
to 
18) 
MOVX 
A,.OP11< 


OliA 
A3 
11111 
INC 
UPI~ 


011b 
~O 
1117 
MOVX 
A,.Ol'l1< 


011(; 
A3 
1811 
INC 
UPIA 


Olill 
1::0 
189 
MOVX 
A,.OP1" 


Oll~ 
A3 
I'IU 
INC 
LlFIA 


OIH 
to 
I'll 
MOVX 
A,.OPTI< 


012v 
A3 
l'lc 
INC 
IAPIA 


0121 
r:0 
1'13 
Man 
A,.Ol'l1< 


Ollc 
A3 
l'l~ 
IN'; 
IIFH 


0123 
t.0 
1'1' 
MOVX 
A,.Ot'l1< 


012q 
.3 
1'111 
INC 
uFH 


012~ 
t.0 
1'17 
MOVX 
A,.Ot'l" 


01211 
A3 
1'111 
IN!: 
"Pili 


0127 
~O 
1'1'1 
MOVX 
A,.Ol'll< 


01211 
A3 
cOu 
INC 
uPI" 


Oll'l 
to 
,,01 
rW~Nl 
ya 
Man 
A,.Ol'l" 


01U 
A3 
,,OJ! 
IN'; 
liPl~ 


01211 
EO 
c03 
MOVX 
A,.OPT" 


012~ 
A~ 
cOq 
INL 
UPIR 


01<'11 ~O 
cO) 
MOVX 
A, ••Ol'T" 


012l;; A3 
cOli 
INC 
UPIR 


012; 
to 
1!0l 
Mavx 
A,.Ct'l~ 


IIl.S-!!1 ~lAI.Ru AS:iE",AI.E•• 
C ••US," 


lliC 
ul!J 
l!I>t 
~OuRl.E 


013u 
A3 
eOIl 
lNl. 
IIF1R 


0131 
to 
eO'l 
MOV. 
A,&Ol'l •• 


013i! 
A3 
elU 
lNl. 
uFIR 


013J 
t.0 
ell 
I'tOv. 
A, ••Ol'l•• 


o 1311 A3 
de 
IN!: 
"PIA 


013!l 
to 
':lJ 
",OV. 
A,.Ci'l •• 


01311 
A3 
••Ill 
I1>C 
uPH 


013/ 
t.0 
el:l 
folOV. 
A, ••Ol'l•• 


01311 
A3 
elll 
INC 
LlPIR 


013'1 
t.0 
el/ 
MOV. 
A,.Cl'l" 


01H 
103 
elll 
lNC 
IiPIA 


013D 
to 
el'l 
MOy. 
A,.CI'I •• 


o 13C 
A3 
.:cu 
lNC 
l/PIR 


013U 
to 
ecl 
HURlYl 
MOV. 
A,.Ol'l" 


013t 
A3 
':U 
INC 
l/PIR 


o 13F 
to 
Ci!S 
MOV. 
A, ••oPll< 


010U 
A3 
ecll 
lNC 
LlPlA 


0101 
to 
ec!l 
MOV. 
A,.CP11< 


010" 
A3 
.:cb 
INC 
UPIR 


010S 
t.0 
':H 
MOV. 
A,.ol'l" 


010'1 
A3 
ccll 
lNC 
uPlR 


01°!l 
to 
ec'l 
MoV. 
A,.OP11< 


010b 
A3 
i!3U 
INC 
uP1R 


0101 
to 
':3. 
MOVX 
A,.oi'll< 


01011 
A3 
c3" 
INC 
UPIR 


0111'1 to 
cH 
MOn 
A,.oI"TM 


010A 
A3 
d •• 
INC 
uP1R 


0111U 
to 
i!3!! 
MOVX 
A,.oI'TIC 


0111C 
A3 
.:3b 
INC 
UPIA 


011111 to 
i!31 
MOVX 
A,.ol'll< 


010E 
A3 
c311 
lNC 
UPIR 


o 111~ to 
c3'i 
MOV. 
A,.OI'TIC 


015u 
A3 
cliU 
INC 
IIPIR 


0151 
to 
cOI 
f OI<TY I 
MOV. 
A,.ot'TI< 


015e: 
A3 
clio! 
INC 
"PIA 


015,l 
to 
.':IIJ 
MOV. 
A,.oI'TI< 


015 •• A3 
i!•••• 
INC 
UPlR 


015:; 
to 
':11:1 
MOVX 
A,.OPTIC 


01511 
A3 
'lib 
INC 
llPIR 


0157 
to 
e"7 
MOV. 
A,.oI'TIC 


01511 
A3 
elill 
INC 
UPIA 


015'1 
to 
ell'l 
MOVX 
A,.ol'll< 


015A 
A3 
,SU 
lNC 
UPIA 


015u 
to 
c51 
MOV. 
A,&ol'll< 


015(, 
A3 
••5, 
INC 
liPIA 


015U 
to 
o!SJ 
MOV. 
A, ••Ol'l" 


015t 
A3 
CS'I 
IN!; 
IIPIA 


015f 
to 
,S!l 
",ev. 
A, ••Cl'll< 


01l>U 
A3 
':Sb 
IN!; 
uPIR 


01~1 
to 
'S" 
",on 
A, ••ol'll< 


Ol~o! 
A3 
e511 
INC 
UPIR 


o lid 
t.0 
,S'I 
I10V. 
A,&Ol'll< 


01"" 
A3 
.:H 
INC 
"PIA 


01~!l 
to 
clll 
~nTYI 
MOV. 
A,&ol'll< 


0111o 
A3 
ellc 
lNl. 
UPIA 


"~S-51 
"Al.lIlJ AS:oE"Pl.E •• 
C"hS!'I 


Ll.C 
lJPJ 
Ll~~ 
:oOuR~E 


OUf 
t.0 
dJ 
",ou 
A,.o"," 


01l0li A3 
ell'l 
1M; 
IIFIIi 


OU" 
t.O 
e6, 
MOYll 
A,.ol"l" 


01U 
A~ 
e61> 
INl; 
I/PIII 


OUD 
LO 
<161 
!'IOVll 
A,.ol'l" 


0111~ 
.3 
e61> 
~t\C 
l.FIR 


01ftU 
t.0 
':11" 
MOVX 
A,.ol"l" 


OUt. 
A3 
e7U 
INC 
UPIII 


OU~ 
~O 
e71 
I'iOY X 
A,.Ol'l" 


011u 
III 
iU 
INC 
UPIR 


0111 
~O 
e7~ 
MOVll 
A,aOt'l" 


011e 
••3 
e7~ 
Ha; 
uP11I 


011~ 
t.0 
e7~ 
MOVX 
A,aCl'l" 


017'1 
A1 
ch 
~NC 
UP11l 


OU, 
~O 
e71 
MOVll 
A,aOl'll( 


01h 
A3 
<l71l 
INC 
UPlli 


011i 
~O 
e7" 
MOVX 
A,aol'lH 


01111 
A3 
ceu 
INC 
uP'1l 


0119 
~O 
eel 
IIIAHI 
MOVX 
A,.Dl'lH 


01lA 
.3 
cei 
INC 
UPIIO 


01111 
to 
<leJ 
MOVX 
A,aol'll( 


OUI. 
A3 
c8'l 
INC 
I>Pll1 


011u 
t.0 
CP, 
MOVX 
A,.Ol'llC 


011t. 
A3 
ce.. 
IN~ 
UP 111 


011F 
EO 
i81 
MOVX 
A,aD"'1( 


OUu 
A3 
iell 
INC 
uPTIl 


0181 
t.0 
o:8fl 
MOVX 
A,aOl'llC 


OUe 
.3 
c'lu 
INC 
UPIIl 


01U 
~O 
c'll 
MOVle 
A,.Ot'll( 


01h 
A3 
c'le 
INC 
LIPIII 


018' 
~O 
e'IJ 
MOYle 
A,aOI'TIC 


01810 
A3 
e'lil 
INC 
UP 1/1 


0181 
t.0 
e'l:i 
MOVle 
.,aOl'lH 


01811 
A3 
e'll> 
INC 
liPIII 


01119 
to 
e91 
MOYle 
A,aOP11C 


018/\ 
A3 
e91> 
INC 
uPlR 


OUII 
t.0 
e'l" 
MOYle 
A,.DI'TH 


OUI. 
A3 
;SOil 
INe; 
uPlli 


OUli 
t.0 
;SOl 
liEvNTYI 
MOYle 
A,aol'TIC 


01e~ 
.3 
JOi 
INC 
LIP'II 


OUF 
t.0 
;SOJ 
!'lOVll 
A,aol'll( 


019U 
A3 
o5Oil 
IN!,; 
UP111 


01'11 
EO 
0$0) 
MOVle 
A,.OI'1h 


01'10: A3 
JOl> 
INC 
IIP11l 


o 1'IJ ~O 
0$01 
MOVll 
A,.Cl"l" 


Ill'll!A3 
JOll 
INC 
liPIII 


01'1' 
~O 
J09 
,",OVll 
A,aol"llC 


~1'" 
A3 
J1U 
I/l:l; 
uP 111 


01'17 
t.0 
.$11 
MOVll 
A,aCP11( 


01'111 A3 
Jle 
INC 
I/PIII 


01'19 
t.0 
HJ 
MOVll 
A,aCl'llC 


01'1A 
.3 
J1~ 
INC 
I/PIII 


01'111 ~O 
31) 
MeVX 
A,.C 
••,,, 


01'1l; A3 
Jl1> 
IN!,; 
uP,1I 


01'1L1 t.0 
HI 
"'OVX 
A,.Cl'l" 


inter 


MLS-Sl 
MALRII 
AS~E.H~~" 
C"TAS~. 


LIIC 
118J 
L!"~ 
~aIlRLE 


Ol'l~ 
A3 
Jlo 
!I,I,; 
LI~I~ 


Ol'l~ 
t.0 
JI~ 
i,avx 
A, ••C,.Tr< 


OlAu 
A3 
Jell 
U"I,; 
LlFI~ 


01'1 
t.O 
Jel 
t.IbIiTT; 
",ayx 
A, ••CI'T" 


OIAc! 
A3 
H,: 
l~L 
"PTR 
J2J 


01',) 
i:.S03 
Je~ 
LHt.CI\1 
May 
',11Ft'! 


OIA:' 
tlQ1FuC 
J2:' 
I,;J",E 
.,.1tH,O"",t. 


01Ab 
l502 
Jeb 
~,aV 
A,LlPL 


01'A 
tlQUOU7 
Ji!1 
I,;JfiE 
"'OuOn,1I0,,E 


OIAIi 
15UOlll 
F 
J20 
MaV 
,.,nt.R,*18n 


01£lU 
1~UOuO 
F 
J2~ 
Mv 
",nt.~.I,*vOII 


OlRS a 
Bli 
tiEl 
HI 


018 •• 0503uO 
F 
He 
lIal~EI 
MCV 
••,oTt.R,Dt"H 


0181 
0502uO 
F 
JH 
MCV 
r<'~H~H,Ct'L 


018A a 
Hli 
HE! 
H:. 


018tl 
'3 
Hb 
IIMAO"'EI 
CLN 
C 


018' 
i:.S02 
HI 
May 
A,IIPL. 


018t. 
e4l1F 
Htl 
AOII 
"U9D 
"OU 
19 
TII ijll~Ft.R PUINTi:.R 
01Cu 
FS02 
In 
MCV 
UPL,A 
ITO 
Gi:.T TII "EXT 
DI8~L.AY 
LIN~ 
01Ce 
:'OUF 
J4V 
JNC 
Ll't.CII 
IIN 
THE 
o 18FLAY 
MUIIiRY 
OIC •• uSIl3 
Slll 
l"'C 
",PH 


OICo 
1l0U8 
S4c! 
llJMP 
C •.tCII 
J4J 
SOli 
J4:' 
t.NII 


~~S·51 
MA~R~ 
AS~E~eLi 
•• 
CteTAS ••. 


SyMtlOL 
IAtlLt 
LhYl~\o 


r.:A 
I' E 
T 
Y 
P 
E 
~ A 
L 
U 
E 
A 
T 
T 
R 
I 
8 
L 
T 
E 
5 


ACC. · 


0 
Aile" 
OuEul' 
A 


8LAr.K. 
C 
AIIC" 
oue~1' 
A 
Pu8 


8LII~£ • 
C 
AuO" 
OuAIlM 
A 
PUll 


IlUFFE" 
C 
1."0,, 
OU3H, 
A 


CHECK. · 


C 
1.110" 
OlA:SM 
A 


CUNlt. 
C 
1.1.10" 
OU8~M 
A 


CU~Ti!. · . 
C 
A~C •• 
OuEll' 
A 


CUUI~ T • 
0 
AuOre 
ExT 


CUR:iE" 
0 
AUOre 
EXT 


0110"£. 
C 
AuC •• 
OuFIlM 
A 


OMA. · 
C 
AuO" 
OuFAM 
A 


O,.U01'<t 
C 
1.110" 
0,8tlM 
A 


OONt · 
C 
AuO" 
o lB~M 
A 


OPM. · 
0 
Aue" 
OUUM 
A 


OPL. · 


0 
AIlO" 
Oue~M 
A 


£ !GHTl 
C 
AuO" 
01A1M 
A 


ESCllE ••• 
II 
AUC" 
EXT 


F!FU · 
° 


AuC" 
ExT 


F !FTY. 
C 
AUO •• 
OU~M 
A 


FILL · 
C 
AutH 
o IICUM 
A 
PUB 


FuRTY 
• 
C 
AUCH 
0151M 
A 


GU8AC" 
C 
Aut" 
oue~M 
A 


L. . . 
0 
1.1.10" 
EXT 


UNtO. 
° 
AIlO" 
EXT 


NuTlEI 
C 
AUC" 
OuHM 
A 


O~E" 
C 
AUC" 
OuS"M 
A 


O~EHt. 
C 
AuOH 
Ou7llM 
A 


PUI"'T. 
0 
AUO •• 
EXT 


Plili. · 
0 
AI.IO" 
OUOUM 
A 


IlASIE" 
0 
Aut •• 
EXT 


SbUF · 
0 
Aile•• 
OU'!"M 
A 


Sl;A'" · 
8 
AUO" 
EXT 


StRllUF 
C 
AuO" 
OIlS~M 


SlRlAL · . 
0 
Aue •• 
EXT 


SllllNl 
!l AUOH 
ExT 


StVNTY 
c 
1.110" 
OleUM 
A 


SIX IY. 
C 
AuC" 
01nM 
A 


TtN. · 
C 
Aue •• 
01t:iM 
A 


THlkn 
C 
AuO" 
0131.1M 
A 


Tlcl'<!I'<1 
B 
1."0,, 
EAT 


hEt.n 
C 
AUC" 
01"'011 
A 


IilR'. · 
C 
AUO •• 
OUi!~M 
A 


IlEG!SlE 
•• llAr.KlSJ 
UStC; 
U 


AliSEI'IlLT ~OI'4PLErE, 
r.c 
E ••RUIl:> ~OuNu 


inter 


I~I~·II 
~~S·51 
~~~R~ 
~S~E~BLE" 
.2.1 


C~J~Cl 
~OuULE 
PL~LE~ 
1~ 
Itl;KtY~C.ODJ 
I~S~~~L~R 
I,\VuKt:r il,: 
AH51 
:FII~E'BU.:'NL 


LuC 
uBJ 
U~t 


~ 
J~ 
:l 
0 
1 
cl~ 
lU 
11 
1.: 
IJ 
lq 


l' 
10 
II 
Ib 
19 
i!u 
i!1 
i!i! 
i!3 
i!q 
i!:l 
i!o 
i!7 
i!1l 
i!9 
3U 
31 
3.: 
!J 
]q 
3~ 
]t> 
.1 


,.a*. __•••• a._. 
••••• _._. 
•__._. __•__ ••• _••• *a* __ •• a__ •• 
a.a. 


J ••••• 
_ •••••••••••••• 
••••• 
•••••••• 
••• 
_ •• 
ta ••••••••••••••••• 


J*II- 
a ••• 
,.... 
~GrTnA"E 
FuR 
R~AUlI\G 
At; Ut>uEL;CUEu 
.*•• 
,.*.. 
KtYclOARU 
*••* 
,._.- 
1*_- 


J •• 
*_ •••••••• 
_a •••••• 
__ •••••••••••• 
•••••••••••• 
_ •• *_ ••••••••••••••• 
,*** •••• 
*********.********* 
••• ** ••••• 
******.*** 
••••• e** ••••• 
* __.a._ ••••• 
_ 
,,,,,, 


1,,,,,, 


1, 


t'UIlLlC RtAUE •• 
t:XTRI\ u~TA 
(LSTKtYJ 
~XTRN 
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inter 


Interfacing the 82786 to the 8051 presents some inter- 
esting challenges, but can be accomplished with a little 
additional logic and software. Since the 82786 looks 
like a DRAM controller to the host CPU, wait states 
are often required when accessing the coprocessor. 
Since wait states are not supported by the 8051, latch- 
ing transceivers and dummy read and write cycles are 
used to communicate with the 82786. Byte swapping is 
also required in the external logic to allow the 8 bit 
8051 to read and write the 16 bit graphics memory 
supported by the 82786. This byte swapping is accom- 
plished with the latching transceivers as well. All of the 
control logic is implemented in an Intel 5C060 EPLD, 
allowing the entire interface to fit into three 24 pin 
DIPs. 


Figure 1 shows the interface between the 8051 bus and 
the 82786. Figure 2 shows a typical 8051 CPU design 
needed to complete the circuit. In this design the 82786 
is mapped into an 8K byte window in 8051 data memo- 
ry space. The upper address bits are used as a "page 
select" and are provided by I/O pins on the 8051. The 
5C060 EPLD contains the control logic for the trans- 
ceivers and address decoding for the 82786. An equiva- 
lent circuit for the EPLD is shown in Figure 3; the 
".ADF" 
file is shown in Figure 4. The 82786 data 


memory 
is mapped 
into 
one 
8K block 
(AOOOH- 


BFFEH), the 82786 registers are mapped into another 
(8000H-807EH), 
and the transceivers are mapped into 


a third block of memory (COOOH-COOIH). 


Operation of the interface is as follows. For reading the 
graphics memory, the 8051 sets the upper address bits 
(pORT 1.0-1.3) and then performs a dummy read op- 
eration to the desired location in graphics memory 
(AOOOHthru _BFFEH). The dummy read cycle pro- 


vides the address and RDIWR 
information 
to the 


82786, which runs a cycle and deposits the 16 bit result 
into the latching transceivers at the end of the read 
cycle, as indicated by SEN. This event clears the BUSY 
flip flop in the EPLD. When the BUSY signal goes 
inactive, the 8051 reads the low byte from the latching 
transceiver at address COOOHand the high byte free 
address COOIH. 


For write cycles, the 8051 writes the low byte of the 
word into the latch at address COOOHand the high byte 
into address COOIH.Next the upper address bits are set 
with PORTI and a dummy write cycle is performed in 
graphics 
memory at the desired address 
(AOOOH- 


BFFEH). Like in the read example, the 82786 runs a 
memory cycle at this point, enabling the outputs of the 
latching transceivers at the proper time in the write 
cycle, as indicated by SEN going active. 


Accessing the registers inside the 82786 is done in ex- 
actly the same fashion, except that the 82786 is ad- 
dressed in locations 8000H through 807EH. This caus- 
es the EPLD to drive the MilO 
pin low during these 


cycles. 


74F543's are used for the latching transceivers in this 
design, although 74HCT646's could be used to reduce 
the total power consumption. 
Some changes to the 


EPLD would be required in this case. The interface 
assumes that all memory accesses to the 82786 are 
word references; accordingly, BHE is grounded at the 
82786. All addresses generated by the 8051 must be 
even byte addresses, the only byte operations allowed 
are the reads and writes to the latching transceivers. 
The design shown here incorporates hardware work· 
arounds for the earlier "C-step" 
82786; the current 


"D-step" part will work in the design as well. Addition- 
al information regarding the 82786 can be found in the 
"82786 Graphics Coprocessor User's Manual", 
Intel 


publication number 231933. 
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1-003 
o 
5C060 
8051/82786 
Control Logic tor 8051 Demo Board 


786 I/O 
8000H-807FH 


786 
Memory 
AOOOH-BFFFH 


Registers 
COOOH,C001H 


OPTIONS: TURBO = ON 
PART: 5C060 
INPUTS: A15@23,Al4@14,Al3@l1,A0@2,RD/@10, 
WR/@9, SEN@8, CKK 


OUTPUTS: 
786CS/@15,786RD/16,OEH/@17,LEH/@18,OEL/@19,LEL/@20, 


LEW/@21,OEW/@22,READ@4,BUSY@3 
NETWORK: 
a15 = INP (Al5) 
a14 = INP (A14) 
a13 = INP (A13) 
aO = INP (AO) 
rdn = INP (RD/l 
wrn = INP (WR/l 
sen = INP (SEN) 
elk = INP (CLK) 
a14n = NOT 
(a14) 
a13n = NOT 
(a13) 
aOn = NOT 
(aO) 


786esn = NAND 
(a15,a14n) 


786CS/ = CONF 
(786esn,VCC) 


786rdn = OR 
(786esn,rdn) 


786RD/ = CONF 
(786rdn,VCC) 


hibankn = NAND 
(a15,a14,a13n,aO) 


lobankn = NAND 
(a15,a14,a13n,aOn) 


oehn = OR 
(hibankn,rdn) 


OEH/ = CONF 
(oehn,VCC) 


1ehn = OR 
(hibankn,wrn) 


LEH/ = CONF 
(lehn,VCC) 


oe1n = OR 
(lobankn,rdn) 


OEL/ = CONF 
(oe1n,VCC) 


1e1n = OR 
(lobankn,wrn) 


LEL/ = CONF 
(le1n,VCC) 


oewn = NAND 
(sen,write) 


OEW/ = CONF 
(oewn,VCC) 


1ew = AND 
(sen,read) 


qO = NORF 
(lew,e1k,GND,GND) 


q1 = NORF 
(qO,e1k,GND,GND) 


q2 = NORF 
(q1,e1k,GND,GND) 


q2n = NOT 
(q2) 


1ewn = NAND 
(q1,q2n) 


LEW/ = CONF 
(lewn,VCC) 


786wr = NOR 
(786esn,wrn) 


786rd = NOT 
(786rdn) 


READ,read = SOSF (786rd,e1k,786wr,GND,GND,VCC) 
write = NOT 
(read) 


786rdwr = OR 
(786rd,786wr) 


BUSY = SONF 
(786rdwr,e1k,sen,GND,GND,VCC) 


END$ 
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This application note details the interface between an 
8OC31 and a Densitron 
two row by 24 character 


LM23A2C24CBW display. This combination provides 
a very flexible display foot format (2x24) and a cost 
effective, low power consumption microcontroller suit- 
able for many industrial control and monitoring func- 
tions. 


Although this applications brief concentrates on the 
8OC31,the same software and hardware techniques are 
equally valid on other members of the 8051 family, in- 
cluding the 8031, 8751, and the 8044. 


The LCD is mapped into external data memory, and 
looks to the 8OC31just like ordinary RAM. The regis- 
ter select (RS) and the read/write (RIW) pins are con- 
nected to the low order address lines AOand AI. Con- 
necting the RIW pin to an address line is a little unor- 
thodox, but since the RIW line has the same set-up 
time requirements as the RS line, treating the RIW pin 
as an address kept this pin from causing any timing 
problems. 


The enable (E) pin of the LCD is used to select the 
device, and is driven by the logical OR of the 8OC31's 
RD and WR signals AND'ed with the MSB of the ad- 
dress bus. This maps the LCD into the upper half of the 
64 K.B external data space. If this seems a little waste- 
ful, feel free to use a more elaborate address decoding 
scheme. 


With the address decoding shown in the example, the 
LCD is mapped as follows: 


Address 
Function 
Read/Write? 


8000H 
Write Command 
to LCD 
Write Only 


8001H 
Write Data to LCD 
Write Only 


8002H 
Read Status from LCD 
Read Only 


8003H 
Read Data from LCD 
Read Only 


8004H 
to 
No Access 


FFFFH 


Undefined results may occur if the software attempts to 
read address 8000H or 8001H, or write to address 
8002H or 8003H. 


The timing requirements of the Densitron LCD are a 
little slow for a full speed 8OC3I. The critical timing 
'parameters 
are the enable pulse width (PW E) of 


450 ns, and the data delay time during read cycles 
(tDDR) 
of 320 ns. The 8OC31 is available at clock 


speeds up to 16 MHz, but at this speed these parame- 
ters are violated. Since the 8OC31lacks a READY pin, 
the only way to satisfy the LCD timing requirements is 
to slow the clock down to 10 MHz or lower. A conve- 
nient crystal frequency is 7.3728 MHz since it allows all 
standard baud rates to be generated with the internal 
timers. 


The code consists of a main module and a set of utility 
procedures that talk directly to the LCD. This way the 
application code does not have to be concerned with 
where the LCD is mapped, or the exact bit patterns 
needed to control it. The mainline consists of a call to 
initialize the LCD, and then it writes a message to the 
screen, waits, and then erases it. It repeats this indefi- 
nitely. 


The utility procedures include functions to initialize the 
display, send data and ads to the LCD, home the cur- 
sor, clear the display, set the cursor to a given row and 
column, turn the cursor on and off, and print a string of 
characters to the display. Not all the functions are used 
in the software example. 


INTEL Embedded Controller Handbook, 210918 


INTEL PLIM-51 User's Guide, 121966 
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Delay: PROCEDURE 
(count) EXTERNAL; 


DECLARE 
count 
WORD; 


END Delay; 


Initialize_LCD: 
PROCEDURE 
EXTERNAL; 


END Initialize_LCD; 


Clear display: PROCEDURE 
EXTERNAL; 


END Clear_display; 


LCD_print: 
PROCEDURE EXTERNAL; 


END LCD_print; 


DECLARE LCD_buffer 
(48) 
BYTE 
PUBLIC. 


sign_on_message 
(*) 
BYTE 
CONSTANT 


('INTEL 8051 DRIVES LCD - , 
'2 ROWS BY 24 CHARACTERS 
'). 


i 
BYTE; 


'* Initialize the LCD *' 
CALL Initialize_LCD; 
CALL Clear_display; 
'* Now enter an endless loop to display the message *' 
DO WHILE 1; 
'* Copy the message to the buffer *' 
DO i = 0 to 47; 


LCD_buffer(i) = sign_on_message(i) ; 


END; 
'* Now print out the buffer to the LCD *' 
CALL LCD_print; 
'* wait a while *' 
CALL Delay(2000) ; 
'* now clear the screen *' 
CALL Clear_display; 


inter 


LCD_IO_MODULE: DO; 


DECLARE LCD_buffer 
(48) 


LCD_command 
LCD_data 
LCD_status 
LCD_busy 
i 


BYTE 
EXTERNAL, 
BYTE 
AT 
(08000H) AUXILIARY, 
BYTE 
AT 
(08001H) AUXILIARY, 
BYTE 
AT 
(08002H) AUXILIARY, 
LITERALLY 
'lOOO$OOOOB', 
BYTE; 


DECLARE msec 
WORD, 


i 
WORD; 


IF msec > 0 THEN DO; 


DO i = 0 to msec - 1; 


CALL Time(5) ; 
/* .2 msec delay */ 


END; 
. 


/* wait for LCD to indicate NOT busy */ 
DO WHILE 
(LCD_status AND LCD_busy) < > 0; 


END; 


/* now send the data to the LCD */ 
LCD_data = char; 


/* wait for LCD to indicate NOT busy */ 
DO WHILE 
(LCD_status AND LCD_busy) 
< > 
0; 


END; 


/* now send the command to the LCD */ 
LCD_command = char; 


Clear_display: 
PROCEDURE 
PUBLIC; 


CALL LCD_command_out 
(OOOO$OOOlB); 


IF position> 
47 THEN position = 47; 
IF position < 24 THEN CALL LCD_command_out(OBOH 
+ position) ; 
ELSE CALL LCD_command_out(OCOH 
+ (position - 24)); 


/* This procedure 
copies the contents 
of the LCD_buffer 


to the display 
*/ 


CALL Set_cursor(O) 
; 


DO i = 0 to 23; 
CALL LCD_out(LCD_buffer(i)); 


END; 
CALL Set_cursor(24) ; 
DO i = 24 to 47; 
CALL LCD_out(LCD_buffer(i)); 


END; 


CALL Delay(lOO) ; 
CALL LCD_command_out(38H) 
; 


CALL LCD_command_out(38H) 
; 


CALL LCD_command_out(06H) 
; 


CALL Clear_display; 
CALL Home_cursor'; 
CALL Cursor_off; 
CALL Set_cursor(O) ; 
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Here are some easy to use 16- and 32-bit math routines 
that take the pain out of calculations such as PID 
loops, AID calibration, linearization calculations and 
anything else that requires 32-bit accuracy. 


The package is written to interface with PLIM-51. Pa- 
rameters are passed as l6-bit words to the routines, 
which perform operations on a 32-bit "accumulator" 
resident in memory. The following functions are per- 
formed: 


Load_16 (word_param) 


Loads a 16-bit -RO into the low half of the 32-bit "ac- 
cumulator", zeros upper 16 bits of accumulator. 


Load_32 (word_hi,word_lo) 


Loads word_hi into upper 16bits of accumulator, word 
lo_into Lower 16 bits. 


Low_16 


Returns the lower 16 bits of the accumulator, bits 0 
through 15. 
. 


Mid_16 


Returns the middle 16 bits of the accumulator, bits 8 
through 23. 


High_16 
Returns the upper 16 bits of the accumulator, bits 16 
through 31. 


MuL16 (word_param) 
Multiplies the 32-bit accumulator by the 16-bit word 
supplied, result left in accumulator. 


Div_16 (word_param) 


Divides the 32-bit accumulator by the 16-bit word sup- 
plied, result left in accumulator. 


Add_16 (word_param) 
Adds the 16-bit word supplied to the 32-bit accumula- 
tor. 


Sub_16 (word_param) 
Similar to Add_16 but for subtraction. 


Add_32 (word_hi,word_lo) 
Forms a 32-bit value for word_hi and word_lo and 
adds it to the accumulator. 


Sub_32 (word_hi,word_lo) 
Similar to Add_32 but for subtraction. 


Typical applications have l6-bit "input" 
values and 


produce 16-bit "output" values, but require 32-bit val- 
ues for intermediate 
results. An example would be 


reading a 12-bit AID, performing some gain and offset 
calculation on the raw AID data to produce a calibrat- 
ed 16 bit result. Doing this is a simple task with this 
math package. 


CALL Load_IS (AD_value) ; 


CALL Add_IS 
(offset_value); 


In this example the accumulator was loaded with the 
raw AID value and then the offset was applied. The 
gain_factor was "pre-multiplied" by 256 (8 bits), giving 
it a granularity of 1/256. The result was extracted from 
the "middle" 16bits of the accumulator (bits 8 to 23) to 
account for the scaling factor of 256 introduced in the 
multiply step. 


The package requires about 384 bytes of ROM and 30 
bytes of RAM. Individual routines can be deleted to 
conserve RAM if they are not used. 


inter 


; 
PUBLIC 
PUBLIC 
PUBLIC 
PUBLIC 
PUBLIC 
PUBLIC 
PUBLIC 
PUBLIC 
PUBLIC 


Load 16, ?Load 16?byte 
Load-32, 
?Load-32?byte 


Mu116, 
?Mu1 16?byte 
Div-16, 
?Div-16?byte 
Add-16, ?Add-16?byte 
Sub-16, 
?Sub-16?byte 


Add-32, ?Add-32?byte 
Sub-32, 
?Sub-32?byte 


Low::::16,Mid_16, High_16 
; 
Math 32 Data 
Math::::32::::COde 


RSPXi 
Math 32 Data 


?Load I6?byte: 
-OS 2 
7Load-32?byte: 
OS 4 
?~I 
16?byte: 
OS 2 
?Div-16?byte: 
OS 2 
?Add-16?byte: 
OS 2 
?Sub::::16?byte: 
OS 2 


?Add 32?byte: 
OS 4 
?Sub-32?byte: 
OS 4 
OP0: 
OSI 
QP-I: 
OS I 
OP-2: 
OSI 
QP-3: 
OS I 
'IMP 0 
OS I 
'IMP-I 
OS I 
'IMP-2 
OS I 


'IMP::::3 
OS 1 


Load 16: 
;Load 
:-PV 
M:lV 


':'fJV 


I'/JV 
RE:l' 


the 
lower 16 bits 
of 
the OP registers 
with 
the value 
supplied 


OP 3, to 
OP-2,tO 
OP-l, ?I.oad 16?byte 
OP=0,?Load=16?byte 
+ 1 


Load 32: 
;Load all 
the OP registers 
with 
the value 
supplied 


MOV 
OP 3,?Load 32?byte 


M:lV 
OP-2,?Load-32?byte 
+ 1 


MOV 
OP-l, ?LoacC32?byte + 2 


:-PV 
OP-O,?Load-32?byte 
+ 3 


RE:l' 
- 
- 


Loor 16: 
-iReturn 
the 
lower 16 bits 
of 
the OP registers 


I:'DV 
R6,OP 1 


M:lV 
R7,OP-O 


RE:l' 
- 


Mid 16: 
-iReturn 
the middle 
16 bits 
of 
the OP registers 


MOV 
R6,OP 2 


I:'DV 
R7,OP-l 
RE:l' 
- 


High 16: 
;Return 
the high 
16 bits 
of the OP registers 


MOV 
R6,OP 3 


I:'DV 
R7,OP-2 
RE:l' 
- 


Add 16: 
-iAdd 
CLR 
:-PV 
AllOC 
MOV 
I:'DV 
ADO:: 
MOV 
M:lV 
AllOC 
I:'DV 
I'OV 
ADO:: 
I'OV 
RE:l' 


the 
16 bits 
supplied 
by the 
caller 
to the OP registers 


C 
A,OP 0 
A,?Add_16?byte 
+ 1 
i low byte 
first 


OP O,A 
A,OP 1 
A,?Add_16?byte 
ihi9h 
byte 
+ carry 


OP 1,A 
A,OP 2 
A,tO- 
ipropagate 
carry 
only 


OP 2,A 
A,OP 3 
A,tO- 
ipropagate 
carry 
only 


OP_3,A 


inter 


Add 32: 
-;l\dd 
CLR 


t1:IV 
ADOC 
:-r::N 


f."f:N 


ADOC 
!'Ol 
I'DV 
ADOC 
!'Ol 


f."f:N 
ADD: 
!'Ol 
!'lET 


the 32 bits supplied by 


C 
A,OP 0 
A,?Add 32?byt= + 
OP O,A- 
A,OP 1 
A,?Add 
32?byte + 2 
OP l,A- 
A,OP 2 
A,?Add 32?byte + 1 
OP 2,A- 
A,OP 3 
A,?Add 
32?byte 


OP_3,A- 


SUb 16: 
-;Subtract 
the 16 bits supplied by the caller fran the OP reqisters 


CLR 


t1:IV 
SUBB 
!'Ol 
I'DV 
SUBB 
!'Ol 
!'Ol 
SUBB 
!'Ol 
II>V 
SUBB 
!'Ol 
!'lET 


C 
A,OP 0 
A,?SUb 16?byte + 1 
OP O,A- 
A,OP 1 
A,?SUb 16?byte 
OP l,A- 
A,OP 2 
1.,10- 
OP 2,A 
A,OP 3 
1.,10- 
OP_3,A 


Sub 32: 
-;Subtract 
the 32 bits supplied by the caller fran the OP reqisters 


CLR 
!'Ol 
SUBB 
!'Ol 
II>V 
SUBB 
!'Ol 
II>V 
SUBB 
II>V 
!'Ol 
SUBB 
!'Ol 
!'lET 


C 
A,OP 0 
A,?SUb 
32?byte + 3 


OP O,A- 
A,OP 
1 
A,?SUb 32?byte + 2 
OP 1,A- 
A,OP 2 
A,?SUb 32?byte + 1 
OP 2,A- 
A,OP 3 
A,?SUb 
32?bft= 
OP_3,A- 


inter 


Mul 16: 
-;Multiply 
the 32 bit 
op with the 16 value supplied 


f'IOV 
'IMP3,tO 
;clear 
out upper 16 bits 


I'[)V 
'IMP-2,to 
;Genecate the lowest byte of the result 
I'[)V 
S,OP 0 
I'[)V 
A,?MUll6?byte+l 


IfJL 
AB 
- 


I'[)V 
'IMP0, A 
/'OJ 
'IMP-1, S 


;Nowgenerate 
the 


/'OJ 
S,OP 1 


I'[)V 
A,7MUl167byte+l 


!'lJL 
AB 
- 


ADO 
A,'IMP1 
/'OJ 
'IMPl:A 
/'OJ 
A,S- 


ADD: 
A,'IMP2 
/'OJ 
'IMP2-;A 
IN: 
Mul-loopl 
INC 
'IMP-3 


l'lll loopl: 
- 
-/'OJ 
S,OP 
0 


/'OJ 
A,?MUll6?byte 


!'lJL 
AB 
- 


ADD 
A,'IMP1 
/'OJ 
'IMPl-;A 


I'[)V 
A,B- 
ADD: 
A,'IMP2 


/'OJ 
'IMP2-;A 


IN: 
~=1oop2 
IN: 
'IMP3 


!tJl loop2: 
- 


-; 
Nowstart 
"oOrkingon the 3rd byte 


/'OJ 
S,OP 
2 


f'IOV 
A,?11Ull6?byte+l 
!'lJL 
AB 
- 
ADO 
A,'IMP2 
I'[)V 
'IMP2-;A 
I'[)V 
A,S- 


ADD: 
A,'IMP3 
I'[)V 
'IMP 3-;A 
; Nowthe other 
half 
/'OJ 
S,OP 
1 


I'[)V 
A,7MUl16?byte 


IfJL 
AB 
- 


ADD 
A,'IMP2 
I'fYII 
'IMP 
2-;A 
I'[)V 
A,S- 
ADD: 
A,'IMP3 
/'OJ 
'IMP3-;A 
; Nowfinish 
off 
the 


I'fYII 
S,OP 
3 


/'OJ 
A,?MU1_167byte+l 


;low-order 
result 
;high order 
result 
next higher order 
byte 


;low-order 
result 
save 
get high-order 
result 
include 
carry 
from previous 
operation 
save 


; low-order 
result 
save 
get high-order 
Nsult 
include 
carry 
fran previous 
operation 
save 


;low-order 
result 
save 
get high-order 
result 
include 
carry 
from previous 
operation 
save 


;low-order 
result 
i 
save 


; get high-order 
result 


; include 
carry 
from previous 
operation 


; save 


highest 
order 
byte 


inter 


ItJL 
AS 
ADD 
A,'IMP_3 
I'CN 
'IMP 3,A 
; Forget 
about 


I:'DV 
a,op 
2 
MaV 
A,?MUl 16?byte 
ItJL 
lIB 
- 
ADD 
A,'IMP 3 
;low-order 
result 


I:'DV 
'IMP3-;"A 
; save 


; Nowwe are 
all 
done, 
move the 'IMPvalues 
back into 
OP 


I'CN 
OP 0, 'IMP0 


I'CN 
OP-l,'IMP-l 


I'CN 
OP-2,'IMP-2 


I'CN 
OP-3,'IMP-3 
REI' 
- 
- 


;low-order 
result 
; save 


the high-order 
result, 
this 
is 
only 
32 bit 
math! 


Div 16: 
-;'Ibis 
divides 
the 
32 bit 
OP register 
by the value 
supplied 


I'OV 
R7,'0 


1'IJV 
R6,fO 


I'PV 
'IMP0, fO 


I'OV 
'IMP-l, fO 


I'PV 
'IMP-2,fO 
I'OV 
'IMP-3,'0 


I'PV 
Rl,?Div 
16?byte 


I'OV 
RO,?Div-16?byte+l 


I'PV 
RS"32 - 


;Th.is begins 
the 
loop 


Div loop: 
-CALL 
Shift 
D 


!"iN 
A,R6 - 


RU:: 
A 
I'PV 
R6,A 
I'OV 
A,R7 
RLC 
A 
I'PV 
R7,A 
;now test 
to see if 
R7:R6 >" Rl:RO 


CLR 
C 
I'PV 
A,R7 
SUIlB 
A,Rl 
JC 
cant 
sub 


;at 
this 
poInt 
R7>Rl or R7"Rl 


JNZ 
can sub 
; junp if 
R7>Rl 


iif 
R7 • RT, 
test 
for 
R6>-RO 


CLR 
C 
I'CN 
A,R6 


SU8B 
A,RO 
JC 
cant 
sub 


can sub: 
- 


-isubtract 
the divisor 
from the partial 
remainder 


CLR 
C 
I'OV 
A,R6 


SUBB 
A,RO 
I'PV 
R6,A 
I'PV 
A,R7 
SUBB 
A,Rl 
I'CN 
R7,A 
SE're 
C 
JMP 
Quot 
cant 
sub: 
;shift 
a 0 into 
the quotient 


CLR 
C 
Quot: 
;shift 
the carry 
01: into 
the quotient 


CALL 
Shift 
Q 
; Test 
for 
cOmpetlcn 
OJNZ 
RS,Div loop 
; Nowwe are all 
done, 
rove 
the 'IMPvalues 
back into 
OP 


I'CN 
OP O,'IMP0 
I'PV 
OP=l,'IMP=l 


ishift 
the dividend 
and return 
MSBin C 
i shift 
carrj 
into 
{SB of partial 
remainder 


; subtract 
Rl fran 
R7 to see if 
Rl < R7 
i 
A - R7 - Rl, carry 
set 
l.f R7 < Rl 


/'OV 
op 2,'IMP 2 


/'OV 
O(),'IMP:) 
RET 


Shift 0: 
;shift 
the dividend one bit 
to the left 
and return the :1SBin C 
CLR 
C 
M:JV 
A,OP a 
RLC 
A 
- 
M:JV 
OP a,A 
l'CN 
A,OP 1 
RLC 
A 
- 
M:JV 
OP 1,A 
!'OV 
A,OP 
2 
RLC 
A 
- 
!'OJ 
OP 2,A 
l'CN 
A,OP 3 
RLC 
A 
- 
l'CN 
OP_3,A 
!lET 


Shift 
Q: 
;shift 
the quotent one bi t to 
l'CN 
A,'IMP a 
RLC 
A 
- 
/'OV 
'IMP a,A 
!'OV 
A, 'IMP 1 
RLC 
A 
- 
!'OJ 
'IMP 1,A 
l'CN 
A, 'IMP 2 
RLC 
A 
- 
l'CN 
'IMP 2,A 
!'OV 
A, 'IMP 3 
RLC 
A 
- 
M:JV 
'IMP_3,A 
RET 
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Very often, complex systems involve two or more mi- 
crocontrollers to fulfill the requirements defined by a 
given objective. Since the nature of microcontrollers 
does not allow for easy dual-port memory design (no 
"READY" input; no "HOLD/HLDA" 
interface; port- 


oriented I/O etc.), design engineers are faced with the 
problem of interchanging information (data and status) 
between those microcontrollers. This application brief 
describes the design of a mailbox for exchanging infor- 
mation between two 80C31s, using a 5C060 H-EPLD 
as a "back-to-back" register, and a 5C031 H-EPLD as 
an arbitration 
vehicle to control the actions of the 


CPUs. 


In this application, the 16 macrocells of the 5C060 are 
grouped into two sets of 8 so called "ROlF" 
(register 
output with input feedback) primitives to implement 
the two 8 bit bus interfaces needed. The grouping is 
done according to the following picture. 


The 5C060 allows for independent clocking of 8 macro- 
cells on each side of the chip, the two clock inputs are 
used to clock data from the microcontroller bus into 
the chip. To read the data written into the mailbox by 
one of the controllers, the RDA- (controller A is read- 
ing) or RDB- (controller B is reading) line must be 
pulled low by activating the read command (IRD). In 
order to avoid spurious read-cycles, the /RD 
com- 


mands 
from 
both 
microcontrollers 
are 
logically 
"ORed" together with an active high CS-signal (Chip 
Select) inside the 5C060. The CS-signal for both ports is 
derived from address line A15. Therefore, whenever 
AI5 becomes a logic "I" (true), the mailbox is activat- 
ed and ready to take or submit data. 
Address range for the mailbox: FOOO Hex 
to 
FFFF 
Hex 
(Upper 12 kbyte) 


GROUP 
A 


(tolICROCON- 
TROLLER 
A) 


WRB 


CSA 


I/OAO 


1/0Al 


I/OA2 


I/OA3 


I/OA4 


I/OA5 


I/OA6 


I/OA7 


ROA 


GNO 


VCC 


ROB 


I/OBO 


1/0Bl 


I/OB2 


I/OB3 


I/OB4 


I/OB5 


I/OB6 


I/OB7 


CSB 


WRA 


GROUP 
B 
(tolICROCON- 
TROLLER 
B) 


inter 


THE 5C031 "MAILBOX 
CONTROLLER" 


To keep the two microcontrollers informed about the 
status of their mailbox, the SC031 is programmed to 
supply the following signals to both controllers: 


/OBFA: 
"OUTPUT 
BUFFER 
FULL" 
FOR MC A 


/OBFB: 
"OUTPUT 
BUFFER 
FULL" 
FOR MC B 


/IBEA: 
"INPUT 
BUFFER 
EMPTY" 
FOR MC A 


/IBEB: 
"INPUT 
BUFFER 
EMPTY" 
FOR MC B 


/INTA: 
INTERRUPT 
TO MC A 


/INTB: 
INTERRUPT 
TO MC B 


The next section will discuss the meanings of these sig- 
nals in more detail. 
. 


Output Buffer Full: This flag is set whenever the con- 
troller writes into its own output 
buffer. The flag remains valid, until 
the second controller has read the 
data. The flag is automatically re- 
set to its inactive state when this 
read cycle is accomplished. 


NOTE: 


Both controllets can access (read or write) the mail- 
box simultaneously. 


Input Buffer Empty: This flag indicates that there is no 
message in the mailbox. The flag 
will become inactive as soon as 
one microcontroller places a mes- 
sage for the other one (or vice ver- 
sa). 


Example: 
IIBEA 
remains 


"LOW" 
until microcontroller 
B 


places a message for controller A 
into the mailbox for A. IIBEA 
will go "HIGH" 
as soon as con- 


troller 
B has 
accomplished 
its 


write 
cycle, 
and 
will 
not 
go 


"LOW" again until microcontrol- 
ler A has read the message. 


Interrupt: The SC03l is programmed to supply inter- 


rupts to both microcontrollers involved, on 
one of the following events. 
1. The IOBF flag of the opposite microcon- 
troller becomes active; e.g. if controller A is 
placing a message for controller B, controller 
B receives an interrupt 
the same time as 


IOBFA becomes valid or vice versa. 
2. The IIBE flag of the opposite microcon- 
troller goes active, indicating that this con- 
troller has received the message; e.g. if con- 
troller B reads the message stored by con- 
troller A, its IIBEB flag goes active and con- 
troller receives an interrupt indicating that 
the buffer is empty. 


The signals described above are necessary to accom- 
plish a secure handshake withoqt overwriting messages 
accidentally. In addition to that, the SC031 is issuing 
the actual write commands for the two register sets in- 
side the SC060. The /WRA and /WRB signals are re- 
sults of logical "AND" functions between the appropri- 
ate CS- and /WR 
signals from the microcontrollers. 


Therefore, spurious write cycles are unlikely to happen. 


NOTE: 
This design can also be efficiently implemented in a 
single SCBlC EPLD. 


inter 


ADO-A07 
00-07 
DO-07 
ADO-A07 


PO 


"" 
~ 
7-4HCT373 -t 
7-4HCT3731J 


.,. PO 


AO-A7 
AO-A7 
'L-- 
~-~ 
l~ 
JI 


~DO~ 
CE OE 
OE CE 
~ 
~ 


027C6-4 
027C6-4 
~- 
ALE 
ALE 


A8-A15 
A8-12 
A8-12 
A8-A15 


P2 
P2 


OECS 
CSOE 


PSEN - - - 
~~ 
~L - 
""-- 
PSEN 


00-07 
00-07 


P80C31BH 
~ 
AO-A7 
AO-A7 ~ 
P80C31BH 


RA~ 
RA~ 
I 
A15 
A8-12 
A8-12 
A15 


Ri.iWR~ 
CS WR Ri.i 


RDP3.7 
I 
I 
I I 


RDP3.7 


WRP3.6 
- 
WRP3.6 


5C060 


lOA 
lOB L. 
0-7 
0-7 
- 
ROA 
ROB f-- 
CSA 
CSB 
WA 
WB 


5C031 


WA 
WB 
- 
WRA 
WRB f-- 
- 
ROA 
ROB I--- 


CSA 
CSB 
P3.-4 
OBFA OBFB 
P3.-4 


P3.5 
IBEA 
IBEB 
P3.5 
RST 
P3.2INTO 
INTA 
INTB 
INTOP3.2 
r 


RST 
OE 1 
RESET 
RESET 
- 
- 
I 


inter 


ROB 
OBrA 


INTA 


RST 


INTB 


OBrB 


ROA 


IBEA 


CSB 
WB 
WRB 


OE 
292016-3 


inter 
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80C31 
MAILBOX 
MIlMORY USIHG 
5C060 
/ 5C031 


1 
5C060 


******************** 
** 
IlXAMPLIl .ADF 
** 
******************** 


LB 
Yeraion 
3.0, 
Baaeline 
17x, 
9/26/85 


PART: 
5C060 
IHPUTS: 
WBII, 
CSAI2, 
CSBI14, 
nRDAlll, 
nRDBI23, 
WAI13 


OUTPUTS: 
IOB7115, 
IOA7110, 
IOB6116, 
IOA619, 


IOB5117, 
IOA518, 
IOB4118, 
IOA417, 


IOB3119, 
IOA316, 
IOB2120, 
IOA215, 


IOBI121, 
IOA114, 
IOBOl22, 
IOAOl3 


HIITWORK: 
IOB7,DB7 
ROlF 
(DA7,WAC,GHD,GHD,RDBC) 


IOA7,DA7 
ROlF 
(DB7,WBC,GHD,GHD,RDAC) 


IOB6,DB6 
ROlF 
(DA6,WAC,GHD,GHD,RDBC) 


1.0A6,DA6 
ROlF 
(DB6,WBC,GHD,GHD,RDAC) 


IOB5,DB5 
ROlF 
(DA5,WAC,GHD,GHD,RDBC) 


IOA5,DA5 
ROlF 
(DB5,WBC,GHD,GHD,RDAC) 


IOB4,DB4 
ROlF 
(DA4,WAC,GHD,GHD,RDBC) 


IOA4,DA4 
ROlF 
(DB4,WBC,GHD,GHD,RDAC) 


IOB3,DB3 
ROlF 
(DA3,WAC,GHD,GHD.RDBC) 
IOA3,DA3 
ROlF 
(DB3,WBC,GHD,GHD,RDAC) 
IOB2,DB2 
ROlF 
(DA2,WAC,GHD,GHD,RDBC) 
IOA2,DA2 
ROlF 
(DB2,WBC,GHD,GHD,RDAC) 


10BI,DBI 
ROlF 
(DAI,WAC.GHD,GHD,RDBC) 
10AI,DAI 
ROlF 
(DBI,WBC,GND,GHD,RDAC) 


10BO,DBO 
ROlF 
(DAO,WAC,GHD,GHD,RDBC) 


10AO,DAO 
ROlF 
(DBO,WBC,GHD,GHD,RDAC) 


WAC 
= 
IHP 
(WA) 
RDBC 
= 
AHD(CSBI,RDBI) 
WBC 
= 
UP 
(WB) 
RDAC 
= 
AHD(CSAI,RDAI) 
CSBI 
= 
UP 
(CSB) 
nRDBI 
= 
IHP(nRDB) 
nRDAI 
= 
IHP(nRDA) 


CUI 
IHP(CSA) 
RDAI 
HOT(nRDAI) 
RDBI 
= 
HOT(nRDBI) 


IlHD. 


inter 


JUERG 
STAHL 
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March 
27, 
1986 


80C31 
MAILBOX 
MEMORY 
USING 
5C060 
/ 5C031 


1 
5C060 


•••••••••••••••••••• 
•• 
EXAMPLE 
.LEr 
•• 
•••••••••••••••••••• 


LB 
Ver.ion 
3.0, 
Ba.e1ine 
17x, 
9/26/85 


LEr 
Ver.ion 
1.0 
Ba.e1ine 
1.5i 
02 
reb 
1987 


PART: 


WB'l, 
CSA'2, 
CSB'14, 
nRDA'll, 
nRDB'23, 
WA.13 


OUTPUTS: 


IOB7.15, 
10A7.10, 
10B6.16, 
10A6'9, 
10B5117, 
10A5'8, 
10B4118, 
10A417, 


IOB3119, 
IOA3'6, 
IOB2.20, 
IOA2.5, 
IOB1.21, 
IOAl.4, 
IOBOl22, 
IOAOl3 
NETWORI: 


WBC 
= 
INP(WB) 
WAC = 
INP(WA) 
CSAl 
= 
INP(CSA) 
CSBI 
= 
INP(CSB) 
nRDAI 
= 
INP(nRDA) 


nRDBI 
= 
INP(nRDB) 


IOB7, 
DB7 
ROIF(DA7, 
WAC, 
GND, 
GND, 
RDBC) 
IOA7, 
DA7 
ROlr(DB7, 
WBC, 
GND, 
GND, 
RDAC) 
IOB6, 
DB6 
ROIF(DA6, 
WAC, 
GND, 
GND, 
RDBC) 
IOA6, 
DA6 
ROIF(DB6, 
WBC, 
GND, 
GND, 
RDAC) 
IOB5, 
DBS 
ROIF(DAS, 
WAC, 
GND, 
GND, 
RDBC) 
10AS, 
DAS 
ROIF(DBS, 
WBC, 
GND, 
GND, 
RDAC) 
IOB4, 
DB4 
ROIF(DA4, 
WAC, 
GND, 
GND, 
RDBC) 
IOA4, 
DA4 
ROlr(DB4, 
WBC, 
GND, 
GND, 
RDAC) 
IOB3, 
DB3 
ROIF(DA3, 
WAC, 
GND, 
GND, 
RDBC) 
IOA3, 
DA3 
ROlr(DB3, 
WBC, 
GND, 
GND, 
RDAC) 
IOB2, 
DB2 
ROIF(DA2, 
WAC, 
GND, 
GND, 
RDBC) 


IOA2, 
DA2 
ROIF(DB2, 
WBC, 
GND, 
GND, 
RDAC) 


lOBI, 
DB1 
ROIF(DA1, 
WAC, 
GND, 
GND, 
RDBC) 
10Al, 
DA1 
ROIF(DB1, 
WBC, 
GND, 
GND, 
RDAC) 
lOBO, 
DBO 
ROIF(DAO, 
WAC, 
GND, 
GND, 
RDBC) 
10AO, 
DAO 
ROIF(DBO, 
WBC, 
GND, 
GND, 
RDAC) 


EQUATIONS: 


RDAC 
CSAI. 
nRDAI'; 


inter 


JUIRG 
STAHL 
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80C31 
MAILBOX 
MIMORY 
USING 
5C060 
/ 5C031 


1 
5C060 


••••••••••••••••••••••••• 
•• 
IXAMPLE 
.RPT FILE 
•• 
••••••••••••••••••••••••• 


WB - 
1 
24:- 
fee 


CSA 
2 
23:- nRDB 


10AO - 
3 
22:- 
lOBO 


IOU 
4 
21:- 
lOBI 


10A2 - 
5 
20:- 
1082 


IOU 
6 
19:- 
IOB3 


IOU 
7 
18:- 
10B4 


IOA5 - 
8 
17:- 
IOB5 


IOA6 - 
9 
16:- 
IOB6 


IOA7 -:10 
15:- 
IOB7 


nRDA 
-:11 
14:- CSB 


GND -:12 
13:- WA 


JUBRG 
STAHL 
IHTEL 
ZUBRICH 


March 
28, 
1986 


80C31 
MAILBOX 
MBMORY 
USIHG 
5C060 
/ 5C031 


2 
5C031 


******************** 
** 
BXAMPLB 
.ADf 
.* 
*••••• **•••••••••••• 


LB 
Ver.ion 
3.0, 
Ba.eline 
17x, 
9/26/85 


PART: 
5C031 
IHPUTS: 
RST,nWRA,nRDB,CSA,nRDA,nWRB,CSB,nOB 


OUTPUTS: 
WA,nOBfA,nIBBB,nINTA,nINTB,nOBfB,nIBBA,WB 


NBTWORK: 
nWRA 
= 
IHP(nWRA) 


nRDB 
= 
IHP(nRDB) 


RST 
= 
IHP(RST) 
CSA 
= 
IHP(CSA) 
nRDA 
= 
INP(nRDA) 
nWRB 
= 
IHP(nWRB) 
CSB 
INP(CSB) 
nOB 
IHP(nOB) 
WRA 
NOT(nWRA) 


WRB 
HOT(nWRB) 


RDA 
HOT(nRDA) 


RDB 
HOT(nRDB) 
OB = 
NOT(nOB) 
nRST 
= 
HOT(RST) 
WA 
= CONf(WAd,VCC) 
WAd 
= 
AHD(CSA,WRA) 


WB 
= 
CONf(WBd,VCC) 


WBd 
= 
AHD(CSB,WRB) 


nRB 
= 
HAND(RDB,CSB) 
nRA 
= 
HAHD(RDA,CSA) 
nWAd 
= 
NOT(WAd) 
nWBd 
= 
NOT(WBd) 
nOBfA,nOBfA 
COCf(nOBfAd,OB) 


nOBfB,nOBfB 
= 
COCf(nOBfBd,OB) 


nIBBA,nIBBA 
= 
COCf(nIBBAd,OB) 
nIBBB,nIBBB 
= 
COCf(nIBBBd,OB) 


nINTA 
= CONf(nIHTAd,OB) 


nIHTB 
= COHf(nINTBd,OB) 
nIHTAd 
AHD(nOBfA,nIBBA) 


nIHTBd 
AHD(nOBfB,nIBBB) 


nOBfBd 
HAND(nRA,nIBBA,nRST) 


nOBfAd 
NAHD(nRB,nIBBB,nRST) 


nIBBBd 
NAND(nWAd,nOBfA) 


nIBBAd 
HAHD(nWBd,nOBfB) 


JUBRG 
STAHL 


INTIlL ZUBRICH 
March 
28, 
1986 


80C31 MAILBOX 
MBMORY 
USING 
5C060 
/ 5C031 


2 
5C031 


******************** 
** 
BXAMPLB 
.LBF 
** 
******************** 


LB Veraion 
3.0, Baae1ine 
17x, 9/26/85 


LBF Veraion 
1.0 B.ae1ine 
1.5i 02 Feb 1987 


PART: 


RST, nWRA, 
nRDB, 
CSA, 
nRDA, 
nWRB, CSB, nOB 


OUTPUTS: 
WA, nOBFA, 
nlBBB, 
nINTA, 
nINTB, 
nOBFB, 
nIBBA, 
WB 


NBTWORK: 


RST = INP(RST) 
nWRA = IHP(nWRA) 
nRDB 
= 
INP(nRDB) 
CSA 
= 
IHP(CSA) 


nRDA = INP(nRDA) 
nWRB 
= 
IHP(nWRB) 


CSB = 
INP(CSB) 


nOB = 
INP(nOB) 


WA = CONF(WAd, 
VCC) 


nOBFA, 
nOBFA 
= COCF(nOBFAd. 
OB) 


nIBBB, 
nIBBB = COCF(nIBBBd, 
OB) 


nINTA 
= CONF(nINTAd, 
OB) 


nINTB = CONF(nINTBd, 
OB) 


nOBFB, 
nOBFB = COCF(nOBFBd, 
OB) 


nIBBA, 
nIBBA = COCf(nIBBAd, 
OB) 


WB = CONf(WBd, 
VCC) 


BQUATIONS: 
WBd = CSB * nWRB'; 


nINTBd 
nOBFB * nIBBB; 


niNTAd 
nOBfA * niBBA; 


nIBBBd 
CSA * nWRA' 
+ 
nOBFAt; 
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The original CMOS logic families were the 4OOO-series 
and the 74C-series circuits. The 74C-series circuits are 
functional equivalents to the corresponding numbered 
74-series TTL circuits, but have CMOS logic levels and 
retain the other well known characteristics of CMOS 
logic. 


These characteristics are: low power consumption, high 
noise immunity, and slow speed. The low power con- 
sumption is inherent to the nature of the CMOS circuit. 
The noise immunity is due partly to the CMOS logic 
levels, and partly to the slowness of the circuits. The 
slow speed is due to the technology used to construct 
the transistors in the circuit. 


The technology used is called metal-gate CMOS, be- 
cause the transistor gates are formed by metal deposi- 
tion. More importantly, the gates are formed after the 
drain and source regions have been defined, and must 
overlap the source and drain somewhat to allow for 
alignment tolerances. This overlap plus the relatively 
large size of the transistors themselves result in high 
electrode capacitance, and that is what limits the speed 
of the circuit. 


High speed CMOS became feasible with the develop- 
ment of the self-aligning silicon gate technology. In this 
process 
polysilicon 
gates are deposited 
before 
the 


source and drain regions are defined. Then the source 
and drain regions are formed by ion implantation using 
the gate itself as a mask for the implantation. This elim- 
inates most of the overlap capacitance. In addition, the 
process allows smaller transistors. The result is a signif- 
icant increase in circuit speed. The 74HC-series of 
CMOS logic circuits is based on this technology, and 
has speeds comparable to LS TTL, which is to say 
about 10 times faster than the 74C-series circuits. 


The size reduction that contributes to the higher speed 
also demands an accompanying reduction in the maxi- 
mum supply voltage. High-speed CMOS is generally 
limited to 6V. 


CHMOS is the name given to Intel's high-speed CMOS 
processes. There are two CHMOS processes, one based 
on an n-well structure and one based on a powellstruc- 
ture. In the n-well structure, n-type wells are diffused 
into a p-type substrate. Then the n-channel transistors 
(nFETs) are built into the substrate and pFETs are 
built into the n-wells. In the powell structure, p-type 
wells are diffused into an n-type substrate. Then the 
nFETs are built into the wells and pFETs, into the 


substrate. Both processes have their advantages and 
disadvantages, which are largely transparent 
to the 


user. 


Lower operating voltages are easier to obtain with the 
powellstructure than with the n-well structure. But the 
powell structure does not easily adapt to an EPROM 
which would be pin-for-pin compatible with HMOS 
EPROMs. On the other hand the n-well structure can 
be based on the solidly founded HMOS process, in 
which nFETs are built into a p-type substrate. This 
allows somewhat more than half of the transistors in a 
CHMOS chip to be constructed by processes that are 
already well characterized. 


Currently Intel's CHMOS microcontrollers and memo- 
ry products are n-well devices, whereas CHMOS mi- 
croprocessors are powell devices. 


Further discussion of the CHMOS technology is pro- 
vided in References I and 2 (which are reprinted in the 
Microcontroller Handbook). 


The 8OC5lBH is the CHMOS version oflntel's original 
8051. The 8OC31BHis the ROMless 8OC51BH, equiva- 
lent to the 8031. These CHMOS devices are architec- 
turally identical with their HMOS counterparts, except 
that they have two added features for reduced power. 
These are the Idle and Power Down modes of opera- 
tion. 


In most cases, an 8OC5IBH can directly replace the 
8051 in existing applications. It can execute the same 
code at the same speed, accept signals from the same 
sources, 
and 
drive the 
same loads. 
However, 
the 


8OC51BH covers a wider range of speeds, will emit 
CMOS logic levels to CMOS loads, and will draw about 
1/10 the current of an 8051 (and less yet in the reduced 
power modes). Interchangeability between the HMOS 
and CHMOS devices is discussed in more detail in the 
final section of this Application Note. 


It should be noted that the 8OC5IBH CPU is not static. 
That means if the clock frequency is too low, the CPU 
might forget what it was doing. This is because the 
circuitry uses a number of dynamic nodes. A dynamic 
node is one that uses the note-to-ground capacitance to 
form a temporary storage cell. Dynamic nodes are used 
to reduce the transistor count, and hence the chip area, 
thus to produce a more economical device. 


This is not to say that the on-chip RAM in CHMOS 
microcontrollers is dynamic. It's not. It's the CPU that 
is dynamic, and that is what imposes the minimum 
clock frequency specification. 
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Latchup is an SCR-type turn-on phenomenon that is 
the traditional 
nemesis of CMOS systems. The sub- 
strate, the wells, and the transistors form parasitic pnpn 
structures within the device. These parasitic structures 
turn on like an SCR if a sufficient amount of forward 
current is driven through one of the junctions. From 
the circuit designer's point of view it can happen when- 
ever an input or output pin is externally driven a diode 
drop above Vcc or below Vss, by a source that is capa- 
ble of supplying the required trigger current. 


However much of a problem latchup has been in the 
past, it is good to know that in most recently developed 
CMOS devices, and specifically in CHMOS devices, the 
current required to trigger latch up is typically well over 
100 mA. The 80C51BH is virtually immune to latch up. 
(References I and 2 present a discussion of the latchup 
mechanisms and the steps that are taken on the chip to 
guard against it.) Modern CMOS is not absolutely im- 
mune to latchup, but with trigger currents in the hun- 
dreds of mA, latchup is certainly a lot easier to avoid 
than it once was. 


A careless power-up sequence might trigger a latchup 
in the older CMOS families, but it's unlikely to be a 
major problem in high-speed CMOS or in CHMOS. 
There is still some risk incurred in inserting or remov- 
ing chips or boards in a CMOS system while the power 
is on. Also, severe transients, such as inductive kicks or 
momentary short-circuits, can exceed the trigger cur- 
rent for latchup. 


For applications in which some latchup risk seems un- 
avoidable, you can put a small resistor (loon or so) in 
series with signal lines to ensure that the trigger current 
will never be reached. This also helps to control over- 
shoot and RFI. 


LOGIC 
LEVELS AND INTERFACING 
PROBLEMS 


First, for equal supply voltages, CMOS gives (and re- 
quires) a higher "logic I" level than TTL. Secondly, 
CMOS logic levels are Vcc 
(or VDD) 
dependent, 


whereas guaranteed TTL logic levels are fixed when 
Vcc is within TTL specs. 


Standard 74HC logic levels are as follows: 


VIHMIN = 70% 
of Vcc 


VILMAX 
= 20% 
of Vcc 
VOHMIN 
= Vcc 
- 
O·1V.IiOHI 
,:; 20l-'A 


VOLMAX = 0.1V. Ilod ,:; 20 I-'A 


Figure I compares 74HC, LS TTL, and 74HCT logic 
levels with those of the HMOS 8051 and the CHMOS 
8OC51BH for Vcc = 5V. 
- 


Output logic levels depend of course on load current, 
and are normally specified at several load currents. 
When CMOS and TTL are powered by the same Vco 
the logic levels guaranteed on the data sheets indicate 
that 
CMOS can drive TTL, but TTL 
can't 
drive 


CMOS. The incompatibility is that the TTL circuit's 
VOH level is too low to reliably be recognized by the 
CMOS circuit as a valid VIH. 


Since HMOS circuits were designed to be TTL-compat- 
ible, they have the same incompatibility. 


Fortunately, 74HCT-series circuits are available to ease 
these interfacing problems. They have TTL-compatible 
logic levels at the inputs and standard CMOS levels at 
the outputs. 


The 80C5IBH is designed to work with either TTL or 
CMOS. Therefore its logic levels are specified very 
much like 74HCT circuits. That is, its input logic levels 
are TTL-compatible, and its output characteristics are 
like standard high-speed CMOS. 


One of the major reasons for going to CMOS has tradi- 
tionally been that CMOS is less susceptible to noise. As 
previously noted, 
its low susceptibility 
to noise is 


Logic State 
Vcc = 5V 


74HC 
74HCT 
LSTTL 
8051 
80C51BH 


VIH 
3.5V 
2.0V 
2.0V 
2.0V 
1.9V 


VIL 
1.0V 
0.8V 
0.8V 
0.8V 
0.9V 


VOH 
4.9V 
4.9V 
2.7V 
2.4V 
4.5V 


VOL 
0.1V 
0.1V 
0.5V 
0.45V 
0.45V 


Figure 1. Logic Level Comparison. 
(Output 
voltage 
levels depend 
on load current. 


Data sheets list guaranteed 
output levels for several load currents. 
The output 


levels listed here are for minimum 
loading.) 
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partly due to superior noise margins, and partly due to 
its slow speed. 


Noise margin is the difference between VOL and VIL, 
or between VOH and VIH' If VOH from a driving cir- 
cuit is 2.7V and VIH to the driven circuit is 2.0V, then 
the driven circuit has 0.7V of noise margin at the logic 
high level. These kinds of comparisons show that an 
all-CMOS system has wider noise margins than an all- 
TTL system. 


Figure 2 shows noise margins in CMOS and LS TTL 
systems when both have Vee = 5V. It can be seen that 
CMOS/CMOS 
and CMOS/CHMOS 
systems have an 


edge over LS TTL in this respect. 


Noise margins can be misleading, however, because 
they don't say how much noise energy it takes to induce 
in the circuit a noise voltage of sufficient amplitude to 
cause a logic error. This would involve consideration of 
the width of the noise pulse as compared with the cir- 
cuit's response speed, and the impedance to ground 
from the point of noise introduction in the circuit. 


When these considerations are included, it is seen that 
using the slower 74C- and 4OOO-seriescircuits with a 12 
or 15V supply voltage does offer a truly improved level 
of noise immunity, but that high-speed CMOS at 5V is 
not significantly better than TTL. 


One should not mistake the wider supply voltage toler- 
ance of high-speed CMOS for Vee glitch immunity. 
Supply voltage tolerance is a DC rating, not a glitch 
rating. 


For any clocked CMOS, and most especially for VLSI 
CMOS, Vee 
decoupling is critical. CHMOS draws 


Noise Margin for 


Interface 
Vcc = 5V 


Logic Low 
Logic High 


VIL -VOL 
VOH-VIH 


74HCto 74HC 
0.9V 
1.4V 


LSTILto 
LSTIL 
0.3V 
0.7V 


LSTIL to 74HCT 
0.3V 
0.7V 


LSTIL to 80C51 BH 
0.3V 
0.7V 


74HC to 80C51BH 
0.8V 
3.0V 


80C51BH to 74HC 
0.8V 
1.0V 


Figure 2. Noise Margins for CMOS 
and LS TTL Circuits 


current in extremely sharp spikes at the -clock edges. 
The VHF and UHF components of these spikes are not 
drawn from the power supply, but from the decoupling 
capacitor. If the decoupling circuit is not sufficiently 
low in inductance, Vee will glitch at each clock edge. 
We suggest that a 0.1 JkF decoupler cap be used in a 
minimum-inductance configuration with the microcon- 
troller. A minimum-inductance 
configuration 
is one 


that minimizes the area of the loop formed by the chip 
0'ee to VSS),the traces to the decoupler cap, and the 
decoupler cap. PCB designers too often fail to under- 
stand that if the traces that connect the decoupler cap 
to the Vee and VSS pins aren't short and direct, the 
decoupler loses much of its effectiveness. 


Overshoot and ringing in signal lines are potential 
sources of logic upsets. These can largely be controlled 
by circuit layout. Inserting small resistors (about 1000) 
in series with signal lines that seem to need them will 
also help. 


The sharp edges produced by high-speed CMOS can 
cause RFI problems. The severity of these problems is 
largely a function of the PCB layout. We don't mean to 
imply that all RFI problems can be solved by a better 
PCB layout. It may well be, for example, that in some 
RFI-sensitive designs high-speed CMOS is simply not 
the answer. But circuit layout is a critical factor in the 
noise performance of any electronic system, and more 
so in high-speed CMOS systems than others. 


Circuit layout techniques for minimizing noise suscepti- 
bility and generation are discussed in References 3 
through 6. 


CMOS input pins should not be left to float, but should 
always be pulled to one logic level or the other. If they 
float, they tend to float into the transition region be- 
tween 0 and I, where the pullup and pulldown devices 
in the input buffer are both conductive. This causes a 
significant increase in Ice. 
A similar effect exists in 


HMOS circuits, but with less noticeable results. 


In 80C51BH and 80C3IBH designs, unused pins of 
Ports I, 2, and 3 can be ignored, because they have 
internal pullups that will hold them at a valid Logic I 
level. Port 0 pins are different, however, in not having 
internal pUlluPS(except during bus operations). 


When the 80C51BH is in reset, the Port 0 pins are in a 
float state unless they are externally pulled up or down. 
If it's going to be held in reset for just a short time, the 
transient float state can probably be ignored. When it 
comes 
out 
of 
reset, 
the 
pins 
stay 
afloat 
unless 


inter 


they are externally pulled either up or down. Alterna- 
tively, the software can internally write Osto whatever 
Port 0 pins may be unused. 


The 
same 
considerations 
are 
applicable 
to 
the 


80C3lBH 
with 
regards 
to 
reset. 
But 
when 
the 


80C31BH comes out of reset, it commences bus opera- 
tions, during which the logic levels at the pins are al- 
ways well defined as high or low. 


Consider the 80C3lBH in the Power Down or Idle 
modes, however. In those modes it is not fetching in- 
structions, and the Port 0 pins will float if not external- 
ly pulled high or low. The choice of whether to pull 
them high or low is the designer's. Normally it is suffi- 
cient to pull them up to Vcc with 10k resistors. But if 
power is going to be removed from circuits that are 
connected to the bus, it will be advisable to pull the bus 
pins down (normally with 10k resistors). Considera- 
tions involved in selecting pullup and pulldown resistor 
values are as follows. 


R 
..,!Qh. 
..J!h- 


PO.XI---_--- 
E~~:.;:;'L 


Figure 3a. Conditions defining the minimum 


value for R. PO.X Is emitting a logic low. R must 


be large enough to not cause IOL to exceed 


data sheet specifications. 


R 
...J.IL 
~ 


po.x 1---_>-----,E~~:~tL 


Figure 3b. Conditions defining the maximum 


value for R. PO.X Is in a high Impedance 
state. R must be small enough to keep 


VOHacceptably high. 


If a pullup resistor is to be used on a Port 0 pin, its 
minimum value is determined by IOL requirements. If 
the pin is trying to emit a 0, then it will have to sink the 
current from the pullup resistor plus whatever other 
current may be sourced by other loads connected to the 
pin, as shown in Figure 3a, while maintaining a valid 
output low (VoL>. To guarantee that the pin voltage 
will not exceed 0.45V, the resistor should be selected so 
that IOL doesn't exceed the value specified on the data 
sheet. In most CMOS applications, the minimum value 
would be about 2k n. 


The maximum value you could use depends on how 
fast you want the pin to pull up after bus operations 
have ceased, and how high you want the VOH level to 
be. The smaller the resistor the faster it pulls up. Its 
effect on the VOH level is that VOH = Vcc - (ILl + 
IIH) X R. ILl is the input leakage current to the Port 0 
pin, and IIH is the input high current to the external 
loads, as shown in Figure 3b. Normally VOH can be 
expected to reach 0.9 Vcc if the pullup resistance does 
not exceed about 50k n. 


If a pulldown resistor is to be used on a Port 0 pin, its 
minimum value is determined by VOH requirements 
during bus operations, and its maximum value is in 
most cases determined by leakage current. 


During bus operations the port uses internal pullups to 
emit Is. The D.C. Characteristics in the data sheet list 
guaranteed VOHlevels for given IOH currents. (The ,,_n 
sign in the IOH value means the pin is sourcing that 
current to the external load, as shown in Figure 4.) To 
ensure the VOH level listed in the data sheet, the resis- 


8OC51 BH 
.!.Q.!:!.., 
...illi.. 


PO.XI-----<_---E~6e:~AL 


IOH = VOH + IIH 


R 


Figure 4a. Conditions defining the minimum 


value for R. PO.X is emitting a 1 In a bus 


operation. R must be large enough to not cause 


IOH to exceed data sheet specifications. 


tor has to satisfy where 1m is the input high current to 
the external loads. 


When the pin goes into a high impedance state, the 
pulldown resistor will have to sink leakage current 
from the pin, plus whatever other current 
may be 


sourced by other loads connected to the pin, as shown 
in Figure 4b. The Port 0 leakage current is ILl on the 
data sheet. The resistor should be selected so that the 
voltage developed across it by these currents will be 
seen as a logic low by whatever circuits are connected 
to it (including the 80C5IBH). In CMOS/CHMOS ap- 
plications, 50k n is normally a reasonable maximum 
value. 


8OC51BH 
~ 
..J!L 


PO.X 
t-----1_--- 
E~1J:~:L 


Figure 4b. Conditions defining the maximum 
value for R. PO.XIs in a high impedance state. 


R must be small enough to keep VOL 
acceptably low. 


Q 
FROM PORT 
LATCH 


UHIVE CAPABILITY OF THE 
INTERNAL 
PULLUPS 


There's an important difference between HMO~ and 
CHMOS port drivers. The pins of Ports I, 2, and 3 of 
the CHMOS parts each have three pullups: strong, nor- 
mal, and weak, as shown in Figure 5. The strong pullup 
(PI) is only used during O-to-I transitions, to hasten the 
transition. The weak pullup (p2) is on whenever the bit 
latch contains a I. The "normal" 
pullup (P3) is con· 
trolled by the pin voltage itself. 


The reason that p3 is controlled by the pin voltage is 
that if the pin is being used as an input, and the external 
source pulls it to a low, then turning off p3 makes for a 
lower IlL. The data sheet shows an "ITL" specification. 
This is the current that p3 will source during the time 
the pin voltage is making its I-to-O transition. This is 
what IlL would be if an input low at the pin didn't turn 
p3 off. 


Note, however, that this p3 turn-off mechanism puts a 
restriction on the drive capacity of the pin if it's being 
used as an output. If you're trying to output a logic 
high, and the external load pulls the pin voltage below 
the pin's VmMIN spec, p3 might turn off, leaving only 
the weak p2 to provide drive to the load. To prevent 
this happening, you need to ensure that the load doesn't 
draw more than the IOH spec for a valid VOH.The idea 
is to make sure the pin voltage never falls below its own 
VmMIN specification. 
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The main reason for going to CMOS, of course, is to 
conserve power. (There are other reasons, but this is the 
main one.) Conserving power doesn't mean just reduc- 
ing your electric bill. Nor does it necessarily relate to 
battery operation, although battery operation without 
CMOS is pretty unhandy. The main reason for conserv- 
ing power is to be able to put more functionality into a 
smaller space. The reduced power consumption allows 
the use of smaller and lighter power supplies, and less 
heat being generated allows denser packaging of circuit 
components. Expensive fans and blowers can usually be 
eliminated. 


A cooler running chip is also more reliable, since most 
random and wearout failures relate to die temperature. 
And finally, the lower power dissipation will allow 
more functions to be integrated onto the chip. 


The reason CMOS consumes less power than NMOS is 
that when it's in a stable state there is no path of con- 
duction from Vcc to Vss except through various leak- 
age paths. CMOS does draw current when it's changing 
states. How much current it draws depends on how 
often and how quickly it changes states. 


\ 
SIN;L 
CLOCK 
SIGNAL 


.0 ---y 


I 
I 
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CLOCK SIGNAL 


CMOS circuits draw current in sharp spikes during log- 
ical transitions. These current spikes are made up of 
two components. One is the current that flows during 
the transition time when pullup and pulldown FETs are 
both active. The average (DC) value of this component 
is larger when the transition times of the input signals 
are longer. For this reason, if the current draw is a 
critical factor in the design, slow rise and fall times 
should be avoided, even when the system speed doesn't 
seem to justify a need for nanosecond switching speeds. 


The other component is the current that charges stray 
and load capacitance at the nodes of a CMOS logic 
gate. The average value of this current spike is its area 
(integral over time) multiplied by its rep rate. Its area is 
the amount of charge it takes to raise the node capaci- 
tance, C, to Vcc. That amount of charge is just C x 
Vcc. So the average value of the current spike is C x 
Vcc x f, where f is the clock frequency. 


This component of current increases linearly with clock 
frequency. For minimal current draw, the 8OC52BH-2 
is spec'd to run at frequencies as low as 500 kHz. 


Keep in mind, though, that other component of current 
that is due to slow rise and fall times. A sinusoid is not 
the optimal waveform to drive the XTALl pin with. 
Yet 
crystal 
oscillators, 
including 
the 
one 
on 
the 


80C51BH, generate sinusoidal waveforms. Therefore, if 
the on-chip oscillator is being used, you can expect the 
device to draw more current at 500 kHz, than it does at 
1.5 MHz, as shown in Figure 6. If you derive a good 
sharp square wave from an external oscillator, and use 
that to drive XTALl, 
then the microcontroller 
will 


draw less current. But the external oscillator will prob- 
ably make up the difference. 


The 80C5IBH has two power-saving features not avail- 
able in the HMOS devices. These are the Idle and Pow- 
er Down modes of operation. The on-chip hardware 
that implements these reduced power modes is shown 
in Figure 7. Both modes are invoked by software. 


INTERRUPT 
SERIAL 
PORT 
TIMER/COUNTERS 
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Idle: In the Idle Mode (IDL = 0 in Figure 7), the epu 
puts itself to sleep by gating ofTits own clock. It doesn't 
stop the oscillator. It just stops the internal clock signal 
from getting to the epu. 
Since the epu 
draws 80 to 90 


percent of the chip's power, shutting it ofTrepresents a 
fairly significant power savings. The on-chip periperaIs 
(timers, serial port, interrupts, etc.) and RAM continue 
to function as normal. The epu 
status is preserved in 


its entirety: the Stack Pointer, Program Counter, Pro- 
gram Status Word, Accumulator, and all other regis- 
ters maintain their data during Idle. 


The Idle Mode is invoked by setting bit 0 (IDL) of the 
peON register. peON is not bit-addressable, so the bit 
has to be set by a byte operation, such as 


The peON 
register also contains flag bits GFO and 


GFI, which can be used for any general purposes, or to 
give an indication if an interrupt occurred during nor- 
mal operation or during Idle. In this application, the 
instruction that invokes Idle also sets one or both of the 
flag bits. Their status can then be checked in the inter- 
rupt routines. 


While the device is in the Idle Mode, ALE and PSEN 
emit logic high (VOH), as shown in Figure 8. This is so 
external EPROM can be deselected and have its output 
disabled. 


The port pins hold the logical states they had at the 
time the Idle was activated. If the device was executing 
out of external program memory, Port 0 is left in a high 
impedance state and Port 2 continues to emit the high 
byte of the program counter (using the strong pullups 
to emit Is). If the device was executing out of internal 
program memory, Ports 0 and 2 continue to emit what- 
ever is in the PO and P2 registers. 


There are two ways to terminate Idle. Activation of any 
enabled interrupt will cause the hardware to clear bit 0 
of the peON 
register, terminating the Idle mode. The 


interrupt will be serviced, and following RETI the next 
instruction to be executed will be the one following the 
instruction that invoked Idle. 


The other way is with a hardware reset. Since the clock 
oscillator is still running, RST only needs to be held 
active for two machine cycles (24 oscillator periods) to 
complete the reset. Note that this exit from Idle writes 
Is to all the ports, initializes all SFRs to their reset 
values, and restarts program execution from location O. 


Power Down: In the Power Down Mode (PO = 0 in 
Figure 7), the epu 
puts the whole chip to sleep by 


turning ofTthe oscillator. In case it was running from 
an external oscillator, it also gates ofTthe path to the 
internal phase generators, so no internal clock is gener- 
ated even if the external oscillator is still running. The 
on-chip RAM, however, saves its data, as long as Vee 
is maintained. In this mode the only Ice that flows is 
leakage, which is normally in the micro-amp range. 


The Power Down Mode is invoked by setting bit I in 
the peON 
register, using a byte instruction such as 


While the device is in Power Down, ALE and PSEN 
emit lows (VOL),as shown in Figure 8. The reason they 
are designed to emit lows is so that power can be re- 
moved from the rest of the circuit, if desired, while the 
80eS51BH is in its Power Down mode. 


The port pins continue to emit whatever data was writ- 
ten to them. Note that Port 2 emits its P2 register data 
even if execution was from external program memory. 


Pin 
Internal 
Execution 
External 
Execution 


Idle 
Power 
Down 
Idle 
Power 
Down 


ALE 
1 
0 
1 
0 


PSENI 
1 
0 
1 
0 


PO 
SFR Data 
SFR Data 
High-Z 
High-Z 


P1 
SFR Data 
SFR Data 
SFR Data 
SFR Data 


P2 
SFR Data 
SFR Data 
PCH 
SFR Data 


P3 
SFR Data 
SFR Data 
SFR Data 
SFR Data 


Figure 
8. Status 
of Pins in Idle and Power 
Down 
Modes. 
"SFR data" 
means 
the port 
pins emit their 
internal 
register 
data. "PCH" 
is the high byte of the Program 
Counter. 


inter 


Port 0 also emits its PO register data, but if execution 
was from external program memory, the PO register 
data is FF. The oscillator is stopped, and the part re- 
mains in this state as long as Vcc is held, and until it 
receives an external reset signal. 


The only exit from Power Down is a hardware reset. 
Since the oscillator was stopped, RST must be held ac- 
tive long enough for the oscillator to re-start and stabi- 
lize. Then the reset function initializes all the Special 
Function Registers (ports, timers, etc.) to their reset 
values, and re-starts 
the program 
from location O. 
Therefore, timer reloads, interrupt enables, baud rates, 
port status, etc. need to be re-established. Reset does 
not affect the content of the on-chip data RAM. If Vcc 
was held during Power Down, the RAM data is still 
good. 


The software-invoked 
Power Down feature offers a 


means of reducing the power consumption to a mere 
trickle in systems which are to remain dormant for 
some period of time, while retaining important data. 


The user should give some thought to what state the 
port pins should be left in during the time the clock is 
stopped, and write those values to the port latches be- 
fore invoking Power Down. 


If Vcc is going to be held to the entire circuit, one 
would want to write values to the port latches that 
would 
deselect 
peripherals 
before 
invoking 
Power 


Down. For example, if external memory is being used, 
the P2 SFR should be loaded with a value which will 
not generate an active chip select to any memory de- 
vice. 


In some applications, Vcc to part of the system may be 
shut off during Power Down, so that even quiescent 
and standby currents are eliminated. Signal lines that 
connect to those chips must be brought to a logic low, 
whether the chip in question is CMOS, NMOS, or 
TTL, before Vcc is shut off to them. CMOS pins have 
parasitic pn junctions to Vcc, which will be forward 
biased if Vcc is reduced to zero while the pin is held at 
a logic high. NMOS pins often have FETs that look 
like diodes to Vcc. TTL circuits may actually be dam- 
aged by an input high if Vcc = o. That's why the 
80C5IBH outputs lows at ALE and PSEN during Pow- 
er Down. 


Figure 9 shows a circuit that can be used to turn Vcc 
off to part of the system during Power Down. The cir- 
cuit will ensure that the secondary circuit is not de-en- 
ergized until after the 8OC3lBH is in Power Down, and 
that the 80C3IBH does not receive a reset (terminating 
the Power Down mode) before the secondary circuit is 
re-energized. Therefore, the program memory itself can 
be part of the secondary circuit. 


Figure 9. The 80C31BH 
de-energizes 
part of the circuit (VCC2) when it goes into Power 
Down. 


Selections 
of Rand 
Q2 depend 
on VCC2 current 
draw. 


In Figure 9, when Vcc is switched on to the 8OC31BH, 
capacitor Cl provides a power-on reset. The reset func- 
tion writes Is to all the port pins. The 1 at P2.6 turns 
Qlon, 
enabling Vcc to the secondary circuit through 


transistor Q2. As the 8OC31BH comes out of reset, Port 
2 commences emitting the high byte of the Program 
Counter, which results in the P2.7 and P2.6 pins out- 
putting Os.The 0 at P2.7 ensures continuation ofVcc 
to the secondary circuit. 


The system software must now write a 1 to P2.7 and a 0 
to P2.6 in the Port 2 SFR, P2. These values will not 
appear at the Port 2 pins as long as the device is fetch- 
ing instructions from external program memory. How- 
ever, whenever the 8OC31BH goes into Power Down, 
these values will appear at the port pins, and will shut 
off both transistors, disabling Vcc to the secondary cir- 
cuit. 


Closing the switch SIre-energizes 
the secondary cir- 


cuit, and at the same time sends a reset through C2 to 
the 8OC31BHto wake it up. The diode 01 is to prevent 
CI from hogging current from C2 during this second- 
ary reset. 02 prevents C2 from discharging through the 
RST pin when Vcc to the secondary circuit goes to 
zero. 


b. Using an nFET 


Figure 10. UsIng Power MOSFETs 
to Control VCC2 


USING POWER 
MOSFETs 
to 
CONTROL 
VCC 


Power MOSFETs are gaining in popularity (and avail- 
ability). The easiest way to control Vcc is with a Logic 
Level pFET, as shown in Figure lOa. This circuit al- 
lows the full Vcc to be used to turn the device on. 
Unfortunately, 
power pFETs 
are not economically 


competitive with bipolar transistors of comparable rat- 
ings. 


Power nFETs are both economical and available, and 
can be used in this application if a DC supply of higher 
voltage is available to drive the gate. Figure lOb shows 
how to implement aVec 
switch using a power nFET 
and a (nominally) + 12V supply. The problem here is 
that if the device is on, its source voltage is + 5V. To 
maintain the on state, the gate has to be another 5 or 
IOV above that. The "12V" supply is not particularly 
critical. A minimally filtered, unregulated rectifier will 
suffice. 


Here we consider circuits that normally draw power 
from the AC line, but switch to battery operation in the 
event of a power failure. We assume that in battery 
operation high-current 
loads will be allowed to die 


along with the AC power. The system may continue 
then with reduced functionality, monitoring a control 
transducer, perhaps, or driving an LCD. Or it may go 
into a bare-bones survival mode, in which critical data 
is saved but nothing else happens till AC power is re- 
stored. 


In any case it is necessary to have some early warning 
of an impending power failure so that the system can 
arrange an orderly transfer to battery power. Early 
warning systems can operate by monitoring either the 
AC line voltage or the unregulated rectifier output, or 
even by monitoring the regulated DC voltage. 


Monitoring the AC line voltage gives the earliest warn- 
ing. That way you can know within one or two half-cy- 
cles of line frequency that AC power is down. In most 
cases you then have at least another half-cycle of line 
frequency before the regulated Vcc starts to fall. In a 
half-cycle of line frequency an 8OC51BH can execute 
about 5,000 instructions-plenty 
of time to arrange an 


orderly transfer of power. 


The circuit in Figure 11 uses a Zener diode to test the 
line voltage each half-cycle, and a junction transistor to 
pass the information on to the 8OC51BH. (Obviously a 
voltage comparator with a suitable reference source can 
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~II 


VCC 


1OC51BH 
1OC31BH 


INTO 


= 
BACKUP 


~ 
BATTERY 


Figure 11. Power Failure Detector 
with Battery 
Backup. When AC power falls, 


VCC1 goes down and VCC2 Is held. 


perform the same function, if one prefers.) The way it 
works is if the line voltage reaches an acceptably high 
level, it breaks over Z I, drives QI to saturation, and 
interrupts the 8OC5IBH. The interrupt would be tran- 
sition-activated, in this application. The interrupt serv- 
ice routine reloads one of the C5IBH's timers to a value 
that will make it roll over in something between one 
and two half-eycles of line frequency. As long as the 
line voltage is healthy, the timer never rolls over, be- 
cause it is reloaded every half-cycle. If there is a single 
half-eycle in which the line voltage doesn't reach a high 
enough level to generate the interrupt, the timer rolls 
over and generates a timer interrupt. 


The timer interrupt then commences the transition to 
battery backup. Critical data needs to be copied into 
protected RAM. Signals to circuits that are going to 
lose power must be written to logic low. Protected cir- 
cuits (those powered by VCC2) that communicate with 
unprotected circuits must be deselected. The microcon- 
troller itself may be put into Idle, so that it can contin- 
ue some level of interrupt-driven 
functionality, or it 


may be put into Power Down. 


Note that if the CPU is going to invoke Power Down, 
the Special Function Registers may also need to be cop- 
ied into protected RAM, since the reset that terminates 
the Power Down mode will also intialize all the SFRs 
to their reset values. 


The circuit in Figure 
II does not show a wake-up 
mechanism. A number of choices are available, howev- 
er. A pushbutton could be used to generate an inter- 
rupt, if the CPU is in Idle, or to activate reset, if the 
CPU is in Power Down. 


Automatic wake-up on power restoration is also possi- 
ble. If the CPU is in Idle, it can continue to respond to 
any interrupts that might be generated by QI. The in- 
terrupt service routine determines from the status of 
flag bits GFO and GFI in PCON that it is in Idle be- 
cause there was a power outage. It can then sample 
VCCI through a voltage comparator similar to ZI, QI 
in Figure 11. A satisfactory level of Vcc I would be 
indicated by the transistor being in saturation. 


But perhaps you can't spare the timer that is the key to 
the operation of the circuit in Figure II. In that case a 
retriggerable one-shot, triggered by the AC line voltage, 
can perform essentially the same function. Figure 12 
shows an example of this type of power failure detector. 
A retriggerable one-shot (one half of a 74HC123) moni- 
tors the AC line voltage through transistor QI. QI re- 
triggers the one-shot every half-cycle of line frequency. 
If the output pulse width is between one and two half- 
cycles of line frequency, then a single missing or low 
half-eycle will generate an active low warning flag, 
which can be used to interrupt the microcontroller. 


The interrupt 
routine takes care of the transition to 


battery backup. From this point Vcc I mayor may not 
actually drop out. The missing half-cycle of line voltage 
that caused the power down sequence may have been 
nothing more than a short glitch. If the AC line comes 
back strong enough to trigger the one-shot while Vccl 
is still up (as indicated by the state of transistor Q2), 
then the other half of the 74HCI23 
will generate a 


wake-up signal. 
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Figure 12. Power Failure Detector uses retrlggerable 
one-shots to flag Impending power outage and 


generate automatic wake-up when power returns. 


Having been awakened, the 8OC51BH will stay awake 
for at least another half-cycle of line frequency (another 
5,000 or so instructions) before possibly being told to 
arrange another transfer of power. Consequently, if the 
line voltage is jittering erratically around the switch- 
over point (determined by diode ZI), the system will 
limp along executing in half-cycle units of line frequen- 
cy. 


On the other hand, if the power outage is real and 
lengthy, Vcel 
will eventually fall below the level at 


which the backup battery takes over. The backup bat- 
tery maintains power to the 80C51BH, and to the 
74HCl23, and to whatever other circuits are being pro- 
tected during this outage. The battery voltage must be 
high 
enough 
to 
maintain 
VccMIN 
specs to 
the 


80C51BH. 


If the microcontroller is an 80C31BH, executing out of 
external ROM, and if the C31BH is put into Idle dur- 
ing the power outage, then the external ROM must also 
be supplied by the battery. On the other hand, if the 
C31BH is put into Power Down during the outage, 
then the ROM can be allowed to die with the AC pow- 
er. The considerations here are the same as in Figure 9: 
Vcc to the ROM is still up at the time Power Down is 
invoked, and we must ensure (through selection of di- 
ode Z2 in Figure 12) that the 80C31BH is not awak- 
ened till ROM power is back in spec. 


Battery backup systems need to have a way for the 
protected circuits to draw power from the line-operated 
power supply when that source is available, and to 
switch over to battery 
power when required. 
The 
switchover circuit is simple if the entire system is to be 
battery powered in the event of a line power outage. In 
that case a pair of diodes suffice, as shown in Figure 12, 
provided VccMIN 
specs are still met after the diode 


drop has been subtracted 
from its respective power 


source. 


The situation becomes more complicated when part of 
the circuit is going to be allowed to die when the AC 
power goes out. In that case it is difficult to maintain 
equal Vccs to protected and unprotected circuits (and 
possibly dangerous not to). 


The problem can be alleviated by using a Schottky di- 
ode instead of a IN400I, for its lower forward voltage 
drop. The IN5820, for example, has a foward drop of 
about O.35Vat IA. 


Other solutions are to use a transistor or power MOS- 
FET switch, as shown in Figure 13. With minor modifi- 
cations this switch can be controlled by port pins. 


270068-27 
a. Using a pnp Transistor 


VCC2 
='1ll-rt1 
~ II 
;:- 
'"= 
':'" 
270068-12 
b. Using a Power MOSFET 


Figure 13. Power Switch over Ckts. 


The 27C64 and 87C64 are Intel's 8K byte CHMOS 
EPROMs. 
The 27C64 requires an external address 
latch, and can be used with the 80C31BH as shown in 
Figure 
14a. In most 8031 + 2764 (HMOS) appli- 


cations, the 2764's Chip Enable (CE) pin is hardwired 
to ground (since it's normally the only program memo- 
ry on the bus). This can be done with the CHMOS 
versions as well, but there is some advantage in con- 
necting CE to ALE, as shown in Figure 14a. The ad- 
vantage is that if the 80C3IBH is put into Idle mode, 
since ALE goes to a I in that mode, the 27C64 will be 
deselected and go into a low current standby mode. 


The timing waveforms for this configuration are shown 
in Figure 14b. In Figure 14b the signals and timing 
parameters in parenthesis are those of the 27C64, and 
the others are of the 80C3IBH, except Tprop is a pa- 
rameter of the address latch. The requirements for tim- 
ing compatibility are 


TAVIV - Tprop > tACC 
TLLlV> 
tCE 
TPLlV> 
tOE 
TPXIZ> 
!OF 


If the application is going to use the Power Down mode 
then we have another consideration: In Idle, ALE = 
PSEN = I, and in Power Down, ALE = PSEN = O. 
In a realistic application there are likely to be more 
chips in the circuit than are shown in Figure 14, and it 
is likely that the nonessential ones will have their Vcc 
removed while the CPU is in Power Down. In that case 
the EPROM and the address latch should be among 
'the chips that have VCC removed, and logic lows are 
exactly what are required at ALE and PSEN. 


But if Vcc is going to be maintained to the EPROM 
during Power Down, then it will ?e necessary to de- 
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(lACC) 


TAVIV 


Figure 14b. Timing Waveforms for 80C31BH + 
27C64 


select the EPROM when the CPU is in Power Down. If 
Idle is never invoked, CE of the EPROM can be con- 
nected to P2.7 of the 8OC3IBH, as shown in Figure 
15a. In normal operation, P2.7 will be emitting the 
MSB of the Program Counter, which is 0 if the pro- 
gram contains less than 32K of code. Then when the 
CPU goes into Power Down, the Port 2 pins emit P2 
SFR data, which puts a I at P2.7, thus deselecting the 
EPROM. 


If Idle and Power Down are both going to be used, CE 
of the EPROM can be driven by the logical OR of ALE 
and P2.7, as shown in Figure I5b. In Idle, ALE = I 
will deselect the EPROM, and in Power Down, P2.7 = 
I will deselect it. 


P2.7 
CE 


01 
-----_ 
••~ 
01 


8OC31BH 
27C64 


270068-14 


a. Power Down Is used but not idle. 


01 
{ALE~ 
CE 


8OC31BH 
P2.7~ 
270,]64 


270068-15 


b. Idle and Power Down both used. 


Figure 15. Modifications 
to 80C31BH/27C64 
Interface 


Pulldown resistors are shown in Figure 14a under the 
assumption that something on the bus is going to have 
its Vcc removed during Power Down. If this is not the 
case, pullups can be used as well as pulldowns. 


The 87C64 is like the 27C64 except that it has an on- 
chip address latch. The Port 0 pins are tied to both 
address and data pins of the 87C64, as shown in Figure 
16a. ALE drives the EPROM's ALE/CS input. During 
ALE high, the address information is allowed to flow 
into the EPROM and begin accessing the code byte. On 
the falling edge of ALE the address byte is internally 
latched. The AO-A7 inputs are then ignored and the 
same bus lines are used to transmit the fetched code 
byte from the 00-07 
pins back to the 80C3IBH. 


The timing waveforms for this configuration are shown 
in Figure 16b. In Figure 16b the signals and timing 
parameters in parentheses are those of the 87C64, and 
the others are of the 8OC3IBH. The requirements for 
timing compatibility are 


The same considerations apply to the 87C64 as to the 
27C64 with regards to the Idle and Power Down 
modes. Basically you want CS = 1 if Vcc is main- 
tained to the EPROM, and CS = OE = 0 if Vcc is 
removed. 


There are many different kinds of keyboards, but alpha- 
numeric keyboards generally consist of a matrix of 8 
scan lines and 8 receive lines as shown in Figure 17. 
Each set of lines connects to one port of the microcon- 
troller. The software has written Os to the scan lines, 
and Is to the receive lines. Pressing a key connects a 
scan line to a receive line, thus pulling the receive line 
to a logic low. 


The 8 receive lines are ANDed to one of the external 
interrupt pins, so that pulling any of the receive lines 
low generates an interrupt. The interrupt service rou- 
tine has to identify the pressed key, if only one key is 
down, and convert that information to some useful out- 
put. If more than one key in the line matrix is found to 
be pressed, no action is taken. (This is a "two key lock- 
out" scheme.) 


inter 


On some keyboards, certain keys (Shift, Control, Es- 
cape, etc.) are not a part of the line matrix. These keys 
would connect directly to a port pin on the microcon- 
troller, and would not cause lock-out if pressed simulta- 
neously with a matrix key, nor generate an interrupt if 
pressed singly. 


terrupt, which terminates the Idle. The interrupt serv- 
ice routine would first call a 30 ms (or so) delay to 
debounce the key, and then set about the task of identi- 
fying which key is down. 


Normally the microcontroller would be in idle mode 
when a key has not been pressed, and another task is 
not in progress. Pressing a matrix key generates an in- 


First, the current state of the receive lines is latched 
into an internal register. If a single key is down, all but 
one of the lines would be read as Is. Then Os are written 
to the receive lines and Is to the scan lines, and the scan 
lines are read. If a single key is down, all but one of 


PSEN 


TLLPL 
(ICOE) 


these lines would be read as Is. By locating the single 0 
in each set of lines, the pressed key can be identified. If 
more than one matrix key is down, one or both sets of 
lines will contain multiple Os. 


CALL 
MOV 
CALL 
DJNZ 
MOV 
MOV 
MOV 
MOV 
CALL 
DJNZ 
XCH 
SWAP 
ORL 
XCH 
MOV 
MOV 
REJECT: 
CLR 
RETI 


A subroutine is used to determine which of 8 bits in 
either set of lines is 0, and whether more than one bit is 
O. Figure 18 shows a subroutine (SCAN) which does 
that using the 8051's bit-addressing capability. To use 
the subroutine, move the line data into a bit-address- 
able RAM location named LINE, and call the SCAN 
routine. The number of LINE bits which are zero is 
returned 
in ZERO_COUNTER. 
If only one bit is 
zero, its number (1 through 8) is returned in ZERO_ 
BIT. 


The interrupt 
service routine that is executed in re- 


sponse to a key closure might then be as follows: 


DEBOUNCE_DELAY 
LINE,PI; 
;See Figure 


SCAN 
ZERO_COUNTER ,REJECT 
ADDRESS, ZERO_BIT 
P2,#OFFH; 
;See Figure 


PI,#O 
LINE,P2 
SCAN 
ZERO_COUNTER ,REJECT 
A,ZERO_BIT 
A 
ADDRESS,A 
A, ZERO_BIT 
PI,#OFFH 
P2,#O 
EXO 


rC 


'-- 


8OC51BH 
f----o' 
'---- 
f------' 


)Pl 
P2 


.. 


INTO 


inter 


Notice 
that 
RESPONSE_TO_KEY_CLOSURE 


does not change the Accumulator, 
the PSW, nor any of 


the registers RO through 
R7. Neither do SCAN or DE- 


BOUNCE_DELAY. 


What we come out with then is a one-byte key address 
(ADDRESS) 
which 
identifies 
the 
pressed 
key. 
The 


key's scan line number 
is in the upper nibble of AD- 


DRESS, 
and its receive line number 
is in the lower 


nibble. ADDRESS 
can be used in a look-up 
table to 


generate 
a key code to transmit 
to a host computer, 


and/or 
to a display device. 


The keyboard 
interrupt 
itself must be edge-triggered, 
rather than level-activated, 
so that the interrupt 
routine 


is invoked when a key is pressed, and is not constantly 
being repeated as long as the key is held down. In edge- 
triggered 
mode, the on-chip hardware 
clears the inter- 


rupt flag (EXO, in this case) as the service routine 
is 


being vectored to. In this application, 
however, contact 


bounce will cause several more edges to occur after the 
service routine 
has been vectored 
to, during 
the DE- 


BOUNCE_DELAY 
routine. Consequently 
it is neces- 


sary to clear EXO again in software 
before executing 


RETI. 


The debounce delay routine also takes advantage 
of the 


Idle mode. In this routine 
a timer must be preloaded 


with a value appropriate 
to the desired length of delay. 
This would be 


. 
(osc kHz) x 
(delay time ms) 


timer preload 
= 
12 


For example, 
with a 3.58 MHz oscillator 
frequency, 
a 


30 ms delay could be obtained using a preload value of 
- 8950, or DDOA, in hex digits. 


In the debounce 
delay routine 
(Figure 
19), the timer 


interrupt 
is enabled and set to a higher priority than the 


keyboard interrupt, 
because as we invoke Idle, the key- 


board 
interrupt 
is still "in progress". 
An interrupt 
of 


the same priority 
will not be acknowledged, 
and will 


not terminate 
the Idle mode. With the timer interrupt 
set to priority 
I, while the keyboard interrupt 
is a prior- 


ity 0, the timer interrupt, 
when it occurs, 
will be ac- 


knowledged 
and will wake up the CPU. The timer in- 


terrupt 
service routine 
does not itself have to do any- 


thing. The service routine 
might be nothing 
more than 


a single RETI 
instruction. 
RETI 
from the timer inter- 


rupt service routine 
then returns 
execution 
to the de- 


bounce delay routine, 
which shuts down the timer and 


returns 
execution 
to the keyboard 
service routine. 


An LCD (Liquid 
Crystal 
Display) 
consists 
of a back- 


plane and any number 
of segments or dots which will 


be used to form the image being displayed. 
Applying 
a 


voltage (nominally 
4 or 5V) between any segment and 


the backplane 
causes the segment to darken. 
The only 


catch is that the polarity 
of the applied voltage has to 


be 
periodically 
reversed, 
or 
else 
a 
chemical 
reac- 


DEBOUNCE_DELAV' 


MOV 
TL 1. 
ttTL 
1 
PRELOAD 


Mal,' 
THI. 
lITHI-PRELOAD 


SETB 
ETI 
- 


SETB 
PTI 


SETB 
TRI 


ORL 
peON.tt1 


Preload 
low 
b~t. 
Preload 
high 
byte. 


Enable 
Timer 
1 
interrupt 
Set 
Timer 
1 interrupt 
to 
Start 
ttmer 
running. 


Invoke 
Idle 
mode. 


Stop 
the 
timer 


Back 
to 
priorit~ 
0 
(if 
de5ir.d). 


01~.bl. 
Timer 
1 
lnterrupt 
(if 
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Continue 
keyboard 
scan 


tion takes place in the LCD which causes deterioration 
and eventual failure of the liquid crystal. 


To prevent this happening, the backplane and all the 
segments are driven with an AC signal, which is de- 
rived from a rectangular voltage waveform. If a seg- 
ment is to be "off' it is driven by the same waveform as 
the backplane. Thus it is always at backplane potential. 
If the segment is to be "on" it is driven with a wave- 
form that is the inverse of the backplane waveform. 
Thus it has about 5V of periodically changing polarity 
between it and the backplane. 


With a little software overhead, the 80C5IBH can per- 
form this task without the need for additional LCD 
drivers. The only drawback is that each LCD segment 
uses up one port pin, and the backplane uses one more. 
If more than, say, two 7-segment digits are being driv- 
en, there aren't many port pins left for other tasks. 
Nevertheless, 
assuming 
a 
given application 
leaves 
enough port pins available to support this task, the con- 
siderations for driving the LCD are as follows. 


Suppose, for example, it is a 2-digit display with a deci- 
mal point. One port (TENS_DIGIT) 
connects to the 7 


segments of the tens digit plus the backplane. Another 
port (ONES_DIGIT) 
connects to a decimal point plus 
the 7 segments of the ones digit. 


One of the 8OC5IBH's timers is used to mark ofThalf- 
periods of the drive voltage waveform. The LCD drive 
waveform should have a rep rate between 30 and 100 
Hz, but it's not very critical. A half-period of 12ms will 
set the rep rate to about 42 Hz. The preload/reload 
value to get 12 ms to rollover is the 2's complement 
negative of the oscillator frequency in kHz: if the oscil- 
lator 
frequency 
is 3.58 MHz, 
the reload 
value is 


- 3580, or F204 in hex digits. 


Now, the 8OC5IBH would normally be in Idle, to con- 
serve power, during the time that the LCD and other 


tasks are not requiring servicing. When the timer rolls 
over 
it 
generates 
an 
interrupt, 
which 
brings 
the 


80C5IBH out of Idle. The service routine reloads the 
timer (for the next rollover), and inverts the logic levels 
of all the pins that are connected to the LCD. It might 
look like this: 


LCD_DRIVE_INTERRUPT: 
MOV 
TLl.#LOW( - XTAL_FREQ) 


MOV 
THl.#HIGH( - XTAL_FREQ) 


XRL 
TENS_DIGIT.#OFFH 


XRL 
ONES_DIGIT.#OFFH 


RETI 


To update the display, one would use a look-up table to 
generate the characters. In the table, "on" segments are 
represented as Is, and "off' segments as Os.The back- 
plane bit is represented as a O.The quantity to be dis- 
played is stored in RAM as a BCD value. The look-up 
table operates on the low nibble of the BCD value, and 
produces the bit pattern that is to be written to either 
the ones digit or the tens digit. Before the new patterns 
can be written to the LCD, the LCD drive interrupt has 
to be disabled. That is to prevent a polarity reversal 
from taking place between the times the two digits are 
written. An update subroutine is shown in Figure 20. 


As was noted, 
driving 
an LCD 
directly 
with 
an 


80C51BH uses a lot of port pins. LCD drivers are avail- 
able in CMOS to interface an 80C51BH to a 4-digit 
display using only 7 of the C5IBH's I/O pins. Basical- 
ly, the C5IBH tells the LCD driver what digit is to be 
displayed (4 bits) and what position it is to be displayed 
in (2 bits), and toggles a Chip Select pin to tell the 
driver to latch this information. The LCD driver gener- 
ates the display characters (hex digits), and takes care 
of the polarity reversals using its own RC oscillator to 
generate the timing. 


inter 


Figure 
25 shows 
an 
8OC5IBH 
working 
with 
an 


ICM72 I 1M to drive a 4-digit LCD, and the software 
that updates the display. 


One could equally well send information to the LCD 
driver over the bus. In that case, one would set up the 
Accumulator with the digit select and data input bits, 
and execute a MOVX@ RO,A instruction. The LCD 
driver's chip select would be driven by the CPU's WR 
signal. This is a little easier in software than the direct 
bit manipulation shown in Figure 21. However, it uses 
more I/O pins, unless there is already some external 
memory involved. In that case, no extra pins are used 
up by adding the LCD driver to the bus. 


Analog transducers are often used to convert the value 
of a physical property, such as temperature, pressure, 
etc., to an analog voltage. These kinds of transducers 
then require an analog-to-digital converter to put the 
measurement into a form that is compatible with a digi- 
tal control system. Another kind of transducer is now 
becoming available that encodes the value of the physi- 
cal property into a signal that can be directly read by a 
digital control system. These devices are called reso- 
nant transducers. 


Resonant transducers are oscillators whose frequency 
depends in a known way on the,physical property being 
measured. These devices output a train of rectangular 
pulses whose repetition rate encodes the value of the 
quantity being measured. The pulses Cllnin most cases 
be fed directly into the 8OC5IBH, which then measures 
either the frequency or period of the incoming signal, 
basing the measurement on the accuracy of its own 
clock oscillator. The 80C5IBH can even do this in its 
sleep; that is, in Idle. 


When the frequency or period measurement is complet- 
ed, the C5lBH wakes itself up for a very short time to 
perform a sanity check on the measurement and con- 
vert it in software to any scaling of the measured quan- 
tity that may be desired. The software conversion can 
include corrections for nonlinearities in the transduc- 
er's transfer function. 


Resolution is also controlled by software, and can even 
be dynamically varied to meet changing needs as a situ- 
ation becomes mor~ critical. For example, in a process 
controller you can increase your resolution ("fine tune" 
the control, as it were) as the process approaches its 
target. 


The nominal reference frequency of the output signal 
from these devices is in the range of 20 Hz to 500 kHz, 
depending on the design. Transducers are available that 
have a full scale frequency shift 2 to I. The transducer 
operates from a supply voltage range of 3V to 20V, 
which means it can operate from the same supply volt- 
age as the 8OC5IBH. At 5V, the transducer draws less 
than 5 mA (Reference 7). It can normally be connected 
directly to one of the C5IBH's port pins, as shown in 
Figure 22. 


Measuring a frequency means counting pulses for a 
known sample time. Two timer/counters 
can be used, 


one to mark off the sample time and one to count puls- 
es. If the frequency being counted doesn't exceed 50 
kHz or so, one may equally well connect the transducer 
signal to one of the external interrupt pins, and count 
pulses in software. That frees up one timer, with very 
little cost in CPU time. 


The count that is directly obtained is TxF, where T is 
the sample time and F is the frequency. The full scale 


UPDATE_LCD: 


eLR 
MOV 
MOV 
SWAP 
ANL 
Move 
MOV 
MOV 
ANL 
Move 
MOV 
MOV 
MOV 
SETB 
RET 


ETI 
DPTR, 
.TABLE_ADDRESS 
A, BCD_VALUE 


A 
A. aOFH 
A, eA+OPTR 
TENS 
DIGIT. 
A 
A. BCD_VALUE 
A, aOFH 
A.eA+OPTR 
c. 
DEe Ir1AL_PO 
I NT 
Ace 
7.e 
ONES_DIGIT. 
A 
ETI 


Dis.ble 
LCD 
drive 
lnterrupt. 


Look-up 
table 
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at 
TABLE_ADDRESS 


Digit~ 
to 
be 
displ.yed. 


Move 
tens 
digit 
to 
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Mask 
off 
high 
nibbl 
•. 


Tens 
digit 
p.ttern 
to 
accumulator 


Update 
LCD 
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digit. 


Digits 
to 
b. 
displayed. 
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off 
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digit. 


Ones 
digit 
pattern 
to 
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point 
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LCD 
decimal 
point 


and 
on.s 
digit. 
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LCD 
drive 
interrupt. 


inter 


1 LSB = Tx(Fmax-Fmin) 
2" 


For example, 8-bit resolution In the measurement of a 
frequency that varies between 7 kHz and 9 kHz would 
require, according to this formula, a sample time of 128 
ms. The maximum acceptable frequency count would 
be 128 ms X 9 kHz = 
1152 counts. The minimum 


would be 896 counts. Subtracting 896 from each fre- 
quency count (or presetting the frequency counter to 
- 896 = DRe8DH) would allow the frequency to be 
reported on a scale of 0 to FF in hex digits. 


Therefore the sample time required for n-bit resolution 
is 


2" 
T=---- 
Fmax-Fmin 


8OC51BH 
. 
I} 
DIGIT 
2 
SELECT 
~ 
~.{ 
~} 


L. 


PORT 
C. 
Bl 
DATA 
~ 
D. 


82 
INPUT 


B3 
~ 


CS 
v 


UPDATE_LCD: 


MOV 
SETB 
SETB 
CALL 
CLR 
CALL 
MOV 
CLR 
SETS 
CALL 
CLR 
CALL 
RET 


SHIFT 
_AND_LOAD. 


RLC 
MOV 
RLC 
MOV 
RLC 
MOV 
RLC 
MOV 
CLR 
SETB 
RET 


A, DISPLAY_HI 
DIGIT 
_SELECT_2 
DIGIT 
_SELECT_l 


SHIFT 
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A. DISPLAY 
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Figure 22. Resonant 
Transducer 
Does Not 


Require 
an AID Converter 


To implement the measurement, one timer is used to 
establish the sample time. The timer is preset to a value 
that causes it to roll over at the end of the sample time, 
generating an interrupt and waking the CPU from its 
Idle mode. The required preset value is the 2's comple- 
ment negative of the sample time measured in machine 
cycles. The conversion from sample time to machine 
cycles is to multiply it by 1/12 the clock frequency. For 
example, if the clock frequency is 12 MHz, then a sam- 
pie time of 128 ms is 


(128 ms) x 
(12000 
kHz)/12 
= 128000 
machine 
cycles. 


Then the required preset value to cause the timer to roll 
over in 128 ms is 


Note that the preset value is 3 bytes wide whereas the 
timer is only 2 bytes wide. This means the timer must 
be augmented in software in the timer interrupt routine 
to three bytes. The 80C51BH has a DJNZ instruction 
(decrement and jump if not zero) that makes it easier to 
code the third timer byte to count down instead of up. 
If the third timer byte counts down, its reload value is 
the 2's complement of what it would be for an up-coun- 
ter. For example, if the 2's complement of the sample 
time is FEOCOO,then the reload value for the third 
timer byte would be 02, instead of FE. The timer inter- 
rupt routine might then be: 


TIMER_INTERRUPT_ROUTINE: 


DNJZ 
THIRD_TIMER_BYTE,OUT 


MOV 
TLO,#O 


MOV 
THO,#OCH 


MOV 
THIRD_TIMERBYTE,#2 


MOV 
FREQUENCY,COUNTER_LO 


;Preset 
COUNTERto 
-896: 


MOV, 
COUNTER_LO,#80H 


MOV 
COUNTER_HI,#OFCH 


OUT: 
RETI 


At this point the value of the frequency of the transduc- 
er signal, measured to 8 bit resolution, is contained in 
FREQUENCY. Note that the timer can be reloaded on 
the fly. Note too that the timer can be reloaded on the 
fly. Note too that for 8-bit resolution only the low byte 
of the frequency counter needs to be read, since the 
high byte is necessarily O. However, one may want to 
test the high byte to ensure that it is zero, as a sanity 
check on the data. Both bytes, of course must be re- 
loaded. 


Measuring the period of the transducer signal means 
measuring the total elapsed time over a known number, 
N, of transducer pulses. The quantity that is directly 
measured is NT, where T is the period of the transduc- 
er signal in machine cycles. The relationship between T 
in machine cycles and the transducer frequency F in 
arbitrary frequency units is 


FX1al 
T = F x (1/12), 


where Fxtal is the 80C51BH clock frequency, in the 
same units as F. 


The full scale range then is Nx (Tmax-Tmin). 
For 


n-bit resolution. 


1 LSB = NS(Tmax-Tmin). 


2" 


Therefore the number of periods over which the elapsed 
time should be measured is 


2" 
N=--- 
Tmax-Tmin 


However, N must also be an integer. It is logical to 
evaluate the above formula (don't forget Tmax and 
Tmin have to be in machine cycles) and select for N the 
next higher integer. This selection gives a period mea- 
surement that has somewhat more than n-bit resolu- 
tion, but it can be scaled back if desired. 


For example, suppose we want 8-bit resolution in the 
measurement of the period of a signal whose frequency 
varies from 7.1 kHz to 9 kHz. If the clock frequency is 
12 MHz, then Tmax is (12000 kHz/7.1 kHz) x (1/12) 
= 
141 machine cycles. Tmin is III 
machine cycles. 


The required value for N, then, is 256/(141-111) = 
8.53 periods, according to the formula. Using N = 9 
periods will give a maximum NT value of 141 x 9 = 
1269 machine cycles. The minimum NT will be III 
X 


9 = 999 machine cycles. A lookup table can be used to 


inter 


scale these values back to a range of 0 to 255, giving 
precisely the 8-bit resolution desired. 


To implement the measurement, one timer is used to 
measure the elapsed time, NT. The transducer is con- 
nected to one of the external interrupt pins, and this 
interrupt is configured to the transition-activated mode. 
In the transition-activated mode every I-to-O transition 
in the transducer output will generate an interrupt. The 
interrupt routine counts transducer pulses, and when it 
gets to the predetermined N, it reads and clears the 
timer. For the specific example cited above, the inter- 
rupt routine might be: 


INTERRUPT_RESPONSE: 
DJNZ 
N,OUT 


MOV 
N,#9 
CLR 
EA 
CLR 
TRl 
/ 


MOV 
NT_LO,TLl 


MOV 
NT_HI,THl 


MOV 
TL1,#9 


MOV 
TH1,#0 


SETB 
TRl 


SETB 
EA 


CALL 
LOOKUP_TABLE 


OUT: 
RETI 


In this routine a pulse counter N is decremented from 
its preset value, 9, to zero. When the counter gets to 
zero it is reloaded to 9. Then all interrupts are blocked 
for a short time while the timer is read and cleared. The 
timer is stopped during the read and clear operations, 
so "clearing" it actually means presetting it to 9, to 
make up for the 9 machine cycles that are missed while 
the timer is stopped. 


The subroutine LOOKUP_TABLE 
is used to scale 


the measurement back to the desired 8-bit resolution. It 
can also include built-in corrections for errors or non- 
linearities in the transducer's transfer function. 


The subroutine uses the MOVC A, 
@ A + DPTR 


instruction to access the table, which contains 210 en- 
tries commencing at the 16-bit address referred to as 
TABLE. The subroutine must compute the address of 
the table entry that corresponds to the measured value 
of NT. This address is 


LOOKUP_TABLE: 


PUSH 
PUSH 
MOV 
ADD 
MOV 
MOV 


ACC 
PSW 
A,#LOW{TABLE-NTMIN) 
A,NT-LO 
DPL,A 
A,#HIGH{TABLE-NMTIN) 


ADDC 
MOV 
CLR 
MOVC 
MOV 
POP 
POP 
RET 


A,NT_HI 
DPH,A 
A 
A,@A+DTPR 
PERIOD,A 
PSW 
ACC 


At this point the value of the period of the transducer 
signal, measured to 8 bit resolution, is contained in PE- 
RIOD. 


The 8OC5IBH timers have an operating mode which is 
particularly suited to pulse width measurements, and 
will be useful in these applications if the transducer 
signal has a fixed duty cycle. 


In this mode the timer is turned on by the on-chip 
circuitry in response to an input high at the external 
interrupt pin, and offby an input low, and it can do this 
while the 80C5IBH is in Idle. (The "GATE" 
mode of 


timer operation is described in the Intel Microcontrol- 
ler Handbook.) The external interrupt itself can be en- 
abled, so the same I-to-Otransition from the transducer 
that turns off the timer also generates an interrupt. The 
interrupt routine then reads and resets the timer. 


The advantage of this method is that the transducer 
signal has direct access to the timer gate, with the result 
that variations in interrupt response time have no effect 
on the measurement. 


Resonant transducers that are designed to fully exploit 
the GATE mode have an internal divide-by-N circuit 
that fIXesthe duty cycle at 50% and lowers the output 
frequency to the range of 250 to 500 Hz (to control 
RFI). The transfer function between transducer period 
and measurand is approximately linear, with known 
and repeatable error functions. 


The CHMOS version of the 8051 is architecturally 
identical with the HMOS version, but there are never- 
theless some important differences between them which 
the designer should be aware of. In addition, some ap- 
plications require interchangeability 
between HMOS 


and CHMOS parts. The differences that need to be con- 
sidered are as follows: 


External Clock Drive: To drive the HMOS 8051 with 
an external clock signal, one normally grounds the 
XTALl 
pin and drives the XTAL2 pin. To drive the 


CHMOS 8051 with an external clock signal, one must 
drive the XTALl pin and leave the XTAL2 pin uncon- 
nected. The reason for the difference is that in the 


inter 


HMOS 8051, it is the XTAL2 pin that drives the inter- 
nal clocking circuits, whereas in the CHMOS ve~sion.it 
is the XTALI pin that drives the internal clockmg cIr- 
cuits. 


There are several ways to design an external clock drive 
to work with both types. For low clock frequencies (be- 
low 6 MHz), the HMOS 8051 can be driven in the same 
way as the CHMOS version, namely, through XTALI 
with XTAL2 unconnected. Another way is to drive 
both XTALI and XTAL2; that is, drive XTALI and 
use and external inverter to derive from XTALI a sig- 
nal with which to drive XTAL2. 


In either case, a 74HC or 74HCT circuit makes an e~- 
cellent driver for XTALI and/or XTAL2, because nei- 
ther the HMOS nor the CHMOS XTAL pins have 
TTL-like input logic levels. 


Unused Pins: Unused pins of Ports I, 2 and 3 can be 
ignored in both HMOS and CHMOS designs. The in- 
ternal pullups will put them into a defined state. Un- 
used Port 0 pins in 8051 applications can be ignored, 
even if they're floating. But in 80C51BH applications, 
these pins should not be left afloat. They can be exter- 
nally pulled up or down, or they can be internally 
pulled down by writing Osto them. 


8031180C31BH designs mayor 
may not need pullups 
on Port O. Pullups aren't needed for program fetches, 
because in bus operations the pins are actively pulled 
high or low by either the 8031 or the external program 
memory. But they are needed for the CHMOS part if 
the Idle or Power Down mode is invoked, because m 
these modes Port 0 floats. 


Logic Levels: If Vcc is between 4.5V and 5.5V, an 
input signal that meets the HMOS 8051's input logic 
levels will also meet the CHMOS 80C5IBH's input log- 
ic levels (except for XTALI/XTAL2 
and RST). For 
the same Vcc condition, the CHMOS device will reach 
or surpass the output logic levels of the HMOS deVice. 
The HMOS device will not necessarily reach the output 
logic levels of the CHMOS device. This is an impor~ant 
consideration 
if HMOS/CHMOS 
mterchangeablhty 
must be maintained in an otherwise CMOS system. 


HMOS 8051 outputs that have internal pullups (Ports 
1,2, and 3) "typically" reach 4V or more ifloH is zero, 
but not fast enough to meet timing specs. Adding an 
external pullup resistor will ensure the logic level, but 
still not the timing, as shown in Figure 23. If timing is 
an issue, the best way to interface HMOS to CMOS is 
through a 74HCT circuit. 


Idle and Power Down: The Idle and Power Down 
modes exist only on the CHMOS devices, but if one 


Figure 23. O-to-1 Transition Shows Unspec'd 


Delay (~t) In HMOS to 74HC Logic 


wishes to preserve 
the capability 
of interchanging 


HMOS and CHMOS 8051s the software has to be de- 
signed so that the HMOS parts will respond in an ac- 
ceptable manner when a CHMOS reduced power mode 
is invoked. 


For example, an instruction that invokes Power Down 
can be followed by a "JMP $": 


CLR 
EA 
ORL 
PCON.#2 
JMP 
$ 


The CHMOS and HMOS parts will respond to this 
sequence of code differently. The CHMOS part~ going 
into a normal CHMOS Power Down Mode, Will stop 
fetching instructions until it gets a hardware reset. The 
HMOS part will go through the motions of executing 
the ORL instruction, and then fetch the JMP mstruc- 
tion. It will continue fetching and executing JMP $ un- 
til hard ware reset. 


Maintaining HMOS/CHMOS 
8051 interchangeability 


in response to Idle requires more planning. The HMOS 
part will not respond to the instruction that puts the 
CHMOS part into Idle, so that instruction needs to be 
followed by a software idle. This would be an idling 
loop which would be terminated by the same conditions 
that would terminate 
the CHMOS's 
hardware 
Idle. 


Then when the CHMOS device goes into Idle, the 
HMOS version executes the idling loop, until either a 
hardware reset or an enabled interrupt is received. Now 
if Idle is terminated by an interrupt, execution for the 
CHMOS device will proceed after RETI from the in- 
struction following the one that invoked Idle. The in- 
struction following the one that invoked Idle is the 
idling loop that was inserted for the HMOS device. At 
this point, both the HMOS and CHMOS devices must 
be able to fall through the loop to continue execution. 


One way to achieve the desired effect is to define a 
"fake" Idle flag, and set it just before going into Idle. 
The instruction that invoked Idle is followed by a soft- 
ware idle: 


SETB 
ORL 
JB 


IDLE 
PCON,#1 
IDLE,S 


Now the interrupt that terminates the CHMOS's Idle 
must also break the software idle. It does so by clearing 
the "Idle" bit: 


CLR 
IDLE 


RET! 


Note too that the PCON register in the HMOS 8051 
contains only one bit, SMOD, whereas the PCON reg- 
ister in CHMOS contains SMOD plus four other bits. 
Two of those other bits are general purpose flags. Main- 
taining 
HMOS/CHMOS 
interchangeability 
requires 
that these flags not be used. 
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The serial port on the 8051 has been enhanced on the 
83C51FA with the addition of two new features: Auto- 
matic Address Recognition and Framing Error Detec- 
tion. Automatic Address Recognition facilitates multi- 
processor communications by reducing CPU overhead. 
Framing Error Detection increases communication reli· 
ability by checking each reception for a valid stop bit. 


This Application Note explains how to use these new 
features with samples of code for typical applications. 
A section is also included wbich reviews how to set up 
the serial port for multiprocessor applications. 


MULTIPROCESSOR 
COMMUNICATIONS 


In applications where multiple controllers jointly per- 
form a task, the master controller must be able to com- 
municate selectively with individual slaves. To do this, 
the master first identifies the target slave (or slaves) 
with an address byte and then transmits a block of data. 
The target slaves must be able to identify their own 
address before receiving any data bytes. 


The serial port on the 8051 provides a 9-bit mode to 
facilitate multiprocessor communication. 
The 9th bit 


allows the controller to distinguish between address 
and data bytes. In this mode, a total of II bits are 
received or transmitted: a start bit (0), 8 data bits (LSB 
first), a programmable 9th bit, and a stop bit (I). See 
Figure below. 


The 9th bit is set to I to identify address bytes and set 
to 0 for data bytes. A typical data stream is seen below: 


ADDRESS 
BYTE 
08 = 1 


DATA BYTE 
08 = 0 


DATA BYTE 
/ 
... 
08 = 0 


Initially the slave is set up to only receive address bytes. 
Once it receives its own address, the slave reconfigures 
itself to receive data. On the 8051 serial port, an ad- 
dress byte interrupts all slaves for an address compari- 
son. On the 83C51FA, however, Automatic Address 
Recognition allows the addressed slave to be the only 
one interrupted; that is, the address comparison occurs 
in hardware, not software. With this feature, the master 
controller can establish communication 
with one or 


more slaves without all the slaves having to respond to 
the transmission. 


AUTOMATIC 
ADDRESS 
RECOGNITION 


Automatic Address Recognition reduces the CPU time 
required to service the serial port. Since the CPU is 
only interrupted when it receives its own address, the 
software overhead to compare addresses is eliminated. 
This would also effectively reduce the sophistication of 
the serial protocol when numerous controllers are shar- 
ing the same serial link. 


This same feature can also be used in conjunction with 
the Idle Mode to reduce the system's overall power 
consumption. For instance, a master may need to com- 
municate with only one slave at a time. With all slaves 
in Idle Mode, only that one slave would be interrupted 
to respond to the master's transmission. Without Auto· 
matic Addressing, each slave would have to "wake up" 
to check for its address. Limiting the interruptions reo 
duces the amount of current drawn by the system and 
thus reduces the power consumption. 


In multiprocessor applications the serial port is config- 
ured in either of the 9-bit modes (Mode 2 or 3). Mode 2 
has a fixed baud rate whereas Mode 3 is variable. For 
more information on the different serial port modes re- 
fer to the "Serial Port Set Up" section. 


Automatic Address Recognition is enabled by setting 
the SM2 bit in SCON. Each slave has its SM2 bit set 
waiting for an address byte (9th bit = I). The Receive 
Interrupt (RI) flag will get set when the received byte 
corresponds to either a Given or Broadcast Address. 
The slave then clears its SM2 bit to enable reception of 
data bytes (9th bit = 0) from the master. 


The master can selectively communicate with groups of 
slaves by using the Given Address. Addressing 
all 


slaves at once is possible with the Broadcast Address. 
These addresses are defined for each slave by two new 
Special Function Registers: SADDR and SADEN. 


A slave's individual address is specified in SADDR. 
SADEN is a mask byte that defines don't-cares to form 
the Given Address. These don't-cares allow flexibility 
in the user-defined protocol to address one or more 
slaves. The following is an example of how to define 
Given 
Addresses 
and 
selectively address 
different 


slaves. 


inter 


Slave 1 
SADDR 
1111 
0001 


SADEN 
1111 
1010 


GIVEN 
1111 
OXOX 


Slave 2 
SADDR 
1111 
0011 


SADEN 
1111 
1001 


GIVEN 
1111 
OXX1 


The SADEN bytes have been se1e<;tedsuch that bit 1 
(LSB) is a don't-care for Slave l's Given Address, but 
bit 1 = I for Slave 2. Thus, to selectively communicate 
with just Slave I an address with bit I = 0 would be 
used (e.g. 1111סס oo). 


Similarly, bit 2 = 0 for Slave I, but is a don't-care for 
Slave 2. Now to communicate with just Slave 2 an ad- 
dress with bit 2 = I would be used (e.g. 1111 0111). 


Finally, to communicate with both slaves at once the 
addreSs must have bit 1 = 1 and bit 2 = O. Notice, 
however, that bit 3 is a "don't-care" 
for both slaves. 
This allows two different addresses to select both slaves 
(1111 0001 or 1111 010I). If a third slave was added 
that required its bit 3 = 0, then the latter address could 
be used to communicate with Slave I and 2 but not 
Slave 3. 


The master can also communicate with all slaves at 
once with the Broadcast Address. It is formed from the 
logical OR of SADDR and SADEN with zeros defined 
as don't-cares. For example, the Broadcast address for 
Slave 1 would be formed as follows: 


SADDR = 1111 
0001 =D- 


BROADCAST = 1111 
lXl1 


SADEN = 1111 
1010 


270490-2 


The don't-cares also allow flexibility in defining the 
Broadcast Address, but in most applications a Broad- 
cast Address will be OFFH. 


SADDR and SADEN are located at address A9H and 
B9H, respectively. On Reset, SADDR and SADEN are 
initialized to OOHwhich defines the Given and Broad- 
cast Addresses as XXXX XXXX (all don't-cares). This 
assures the 83C51FA serial port to be backwards com- 
patible with the other MCS@-51products which do not 
implement Automatic Addressing. 


Framing Error Detection is another new feature on 
83C51FA serial port which allows the receiving con- 
troller to check for valid stop bits in Modes I, 2, or 3. A 
missing stop bit can be caused, for example, by noise on 
the serial lines or transmission by two CPUs simulta- 
neously. 


If a stop bit is missing a Framing Error bit FE will be 
set. This bit can then be checked in software after each 
reception to detect communication errors. Once set, the 
FE bit must be cleared in software. A valid stop bit will 
not clear FE. 


The FE bit is located in SCON and shares the same bit 
address as SMO.To determine which is accessed, a new 
control bit called SMODO has been added in the PCON 
register (see figures below). If SMODO = 0, then ac- 
cesses to SCON.7 are to SMO. If SMODO = I, then 
accesses to SCON.7 are to FE. 


PCON: Power Control Register (Not Bit Addressable) 


ISMOD1ISMODO~ 


Address = 87H 


The following sections of code show examples of how 
to invoke Automatic Addressing and Framing Error 
Detection. Routines for both the slave and master are 
given. Code is also included to initialize both serial 
ports; however, for more information on setting up the 
serial port refer to the next section. 


For this example, the master and slave are transmit- 
ting/receiving at 9600 baud with a 12 MHz crystal fre- 
quency. To obtain this baud rate, the serial port is con- 
figured in Mode 3 and Timer 2 is used as the baud-rate 
generator. 


Listing I shows the initialization for the slave. Notice 
that Automatic Addressing and Framing Error Detec- 
tion are enabled. The Given and Broadcast addresses 
for this slave are taken from Slave 1 in the previous 
example. A temporary byte has also been defined to 
store the incoming data byte. 


The slave will remain in Idle Mode until it is interrupt- 
ed by its own address. At that point, it clears the SM2 


inter 


ORG 
OOH 
LJMP 
INIT 


ORG 
0023H 
LJMP 
SERIAL_PORT_INTERRUPT 


INIT: MOV SCON, #OFOH 


ORL PCON, #40H 
MOV RCAP2H, #OFFH 
MOV RCAP2L, #OD9H 
MOV T2CON, #34H 


Mode 3, enable Auto Addressing 
and reception 
FE bit accessed 
(SMODO = 1) 


Reload values for 9600 Baud 


Timer 2 set up, TR2 = 1 turns 
timer on 


INTERRUPTS: 
SETB EA 
SETB ES 
Enable global interrupt 
Enable serial port interrupt 


ADDRESSES: 
MOV SADDR, # 11110001 
MOV SADEN, # 11111010 
Define Given & Broadcast 
Addresses 
GIVEN 
= 11110XOX 
BROADCAST = lllllXll 


SERIAL_PORT 
INTERRUPT: 
PUSH PSW 
CLR RI 
RI set when address is 
recognized & must be cleared 
in software 
Reconfigure 
slave to receive 


data bytes 


RECEIVE_DATA: 
JNB RI, $ 
MOV C, SCON.7 
JC FRAMING_ERROR 
MOV TEMP, SBUF 


Wait for RI to be set 
Check for framing error 


Receive data byte & store 
in temporary 
location 


Clear flag for next 
reception 
Re-enable Automatic 
Addressing 


POP PSW 
RETI 


FRAMING_ERROR: 


CLR SCON.7 
CLR C 


••• 


Error routine left up to 
the user 


POP PSW 
RETI 


inter 


GIVEN_l 
MESSAGE_l 
1l1l0001B 
30H 
equ 
data 


MOV SCON, #ODOH 
MOV RCAP2H, 
#OFFH 


MOV RCAP2L, 
#OD9H 


MOV T2CON, #34H 


TRANSMIT_ADDRESS: 
CLR TI 
SETB TBa 


MOV SBUF, #GIVEN_l 
JNB 
TI, $ 


TRANSMIT_DATA: 
CLR TEa 


MOV SBUF, MESSAGE_l 
JNB TI, $ 
CLR TI 


bit to enable reception 
of data bytes. Depending 
on the 


user's 
protocol, 
more than 
one data 
byte may actually 


be received. 
This example, 
however, 
assumes 
only one 


byte of data follows 
each address 
byte. 


Listing 
2 shows 
the receive 
routine. 
Notice 
that 
when 


the 
data 
byte 
is received, 
the 
software 
checks 
for a 


framing 
error. 
The 
error 
routine 
could, 
for example, 


send an error message 
to the master 
and ask the master 


to re-transmit 
the last message. 
Before exiting 
the rou- 


tine the SM2 is set to I to reenable 
Automatic 
Address- 


ing. Once the slave has responded 
to the master's 
com- 


mand, 
it could 
also put itself back 
into 
Idle Mode 
to 


wait for the next message. 


The initialization 
routine 
for the master 
in Listing 
3 is 


very similar 
to the slave. In this example, 
however, 
the 


master 
does not need Automatic 
Addressing; 
it is sim- 


ply transmitting 
address 
and data bytes. 
GIVEN_I 
is 


a byte 
to 
address 
the 
slave 
in 
the 
above 
example. 


MESSAGE_I 
is a register 
that contains 
the data byte 


sent to this slave. Its value is arbitrary 
for the sample 


code. 


This 
section 
describes 
how to initialize 
the 
83C51FA 


serial port for multiprocessor 
applications. 
Two differ- 


ent modes 
are available 
which 
provide 
9-bit operation: 


Mode 3, REN = 1 
9600 Baud 


Mark 1st byte as an address 
byte 
(9th bit = 1) 
Send address 
Wait 
for transmission 
complete 
Clear flag for next 
transmission 


Mark 2nd byte as a data 
byte 
(9th bit = 0) 
Send data byte 


Mode 2 which has a fixed baud rate and Mode 
3 which 


has a variable 
baud 
rate. 
Baud 
rates 
can be generated 


by 
either 
Timer 
I 
or 
Timer 
2 
(available 
on 
the 


83C51FA 
but not the 8051). Deciding 
which mode and 


timer 
to use is determined 
by the desired 
baud rate and 


clock frequency 
of the particular 
application. 


Another 
consideration 
is the tolerance 
needed 
between 


serial ports. 
Since the serial port 
re-synchs 
its receiver 


at every start 
bit, only 8 or 9 bit-times 
are available 
to 


accumulate 
timing 
errors. 
As a result, 
the receiver 
and 


transmitter 
only 
have to be within 
about 
5% 
of each 


other's 
baud 
rate. Allowing 
equal 
error 
to both 
trans- 


mitter 
and receiver, 
only about 2% accuracy 
is actually 


needed. 


Following 
is a discussion 
of both 
Modes 
2 and 
3 and 


examples 
of how to program 
each. The mode selection 


bits (SMO and 
SMI) 
are located 
in SCON. 
The 
REN 


bit must 
also be set to enable 
reception. 


Address 
= 


Mode 
2 


98H 
SMO 
1 
SM1 
o 
Baud Rate 
Fosc/64 or 
Fosc/32 
Variable 


intJ 


Frequency 
Desired Baud Rate 
= 12 
MHz 
= 375 kBaud 
= 1/32 
(Osc Freq) 


Serial port Mode 2 
Automatic 
Addressing 
(5M2 = 1), 
reception enabled 
(REN = 1) 
sMODl = 1 to double baud rate 


Mode 2 


Mode 2 uses a fixed baud rate of 1132 or 1164 of the 
oscillator frequency depending on the value of the 
SMODI bit in PCON. This mode basically offers a 
choice of two high-speed baud rates. With a 12 MHz 
clock frequency, baud rates of 187.5 kbaud or 375 
kbaud can be obtained. 


None of the timer/counters 
need to be set up for Mode 


2. Only the SFRs SCON and PCON need to be defined. 


PCON: Power Control Register (Not Bit Addressable) 


ISMOD1IsMODO~ 


Address = 87H 


The baud rate in this mode is calculated by: 


Mode2 BaudRate = 2SMOD1X Osc Freq 
64 


SMOD1= 0, 
SMOD1= 1, 
Baud Rate = 1/64 Osc Freq 
Baud Rate = 1/32 Osc Freq 


Mode 3 


Mode 3 of the serial port has a variable baud rate gener- 
ated by either Timer I or Timer 2. The baud rate is 
generated by the rollover rate of the selected timer. The 
timer is operated in an auto-reload mode so it will roll 
over to the reload value selected in software. 


Baud rates based off Timer 2 have less granularity so 
that almost any baud rate can be obtained at a given 
clock frequency. However, Timer 1 is sufficient if the 
desired baud rate can be obtained at the specified clock 
frequency. Remember baud rates only need about 2% 
accuracy. 


To generate baud rates Timer I is usually configured in 
8-bit auto-reload mode (Mode 2). The mode select bits 


are MI and MOlocated in TMOD. To turn on Timer I 
the TRI bit in TCON must be set. Also, the Timer 1 
interrupt should be disabled in this application so that 
when the timer overflows it does not generate an inter- 
rupt. 


TMOD: Timer/Counter 
Mode Control Register 


(Not bit addressable) 


Timer 1 
Address = 89H 


TCON: Timer/Counter 
Control Register 


(Bit addressable) 


The formula for calculating the baud rate is given be- 
low. THI is the reload value for Timer 1 when it over- 
flows. 


B 
K x OscFreq 
aud Rate = 32 x 12 x [256 - (TH1») 


K = 1 ifSMOD1= O. 
K = 2 ifSMOD1= 1. (SMOD1is at PCON.7) 


If the baud rate is known, the reload value THI can be 
calculated by: 


TH1 = 256 _ 
K x Osc Freq 
384 x Baud Rate 


TH 1 must be an integer value. Rounding off TH I to 
the nearest integer may not produce the desired baud 
rate with the 2% accuracy required. In this case, anoth- 
er crystal frequency may have to be chosen. 


Refer to Table I for timer reload values for commonly 
used baud rates. 


inter 


Baud Rate 
Oae Freq 
SMOD1 
Timer 
1 


TMOD 
Reload Value 


62.5K 
12 MHz 
1 
20 
FFH 
19.2K 
11.06 MHz 
1 
20 
FDH 
9.6K 
11.06 MHz 
0 
20 
FDH 
4.8K 
11.06 MHz 
0 
20 
FAH 
2.4K 
11.06 MHz 
0 
20 
F4H 
1.2K 
11.06 MHz 
0 
20 
E8H 
300 
6MHz 
0 
20 
CCH 
110 
6MHz 
0 
20 
72H 


Frequency 
Desired Baud Rate 
= 11.0 
MHz 
= 19.2 kBaud 


(2) x (11.0 x 106) 
= 256 - -------- 
(32) x (12)x (19200) 


MOV SCON, #OFOH 


ORL PCON, #80H 
MOV TMOD, #20H 
MOV TH1, #OFDH 


SETB TRl 


Serial port Mode 3, SM2 = 1, 
REN = 1 
SMODl = 1 
Timer 1 Mode 2 
Reload value for desired baud 
rate 
Turn on Timer 1 


It can be seen that the exact frequency to generate the 
standard 
baud 
rates (19.2K, 9600, 4800, etc.) is 


11.06 MHz. However, it is not necessary to use this 
exact frequency. With a 2% tolerance any crystal value 
from 10.8MHz to 11.3MHz is sufficient. 


Timer 2 has a special baud-rate generator mode which 
transmits and receives at the same baud rate. This 
mode is invoked by setting both the RCLK and TCLK 
bits in T2CON. To turn Timer 2 on the TR2 bit should 
also be set. 


Unlike Timer I, this mode does not require that the 
timer overflow interrupt be disabled. That is, when 
Timer 2 is in the baud-rate generator mode, its inter- 
rupt is disconnected from the Timer 2 overflow. This 


interrupt then becomes available as a third external in- 
terrupt. (For more information on external interrupts, 
refer to the chapter "Hardware Description of the 
8051" in the Embedded Controller Handbook.) 


T2CON: Timer/Counter 2 Control Register 
(Bit Addressable) 


This formula for calculating the baud rate is given be- 
low. (RCAP2H, RCAP2L) is the 16-bit reload value 
when Timer 2 overflows. 


Baud Rate = 
Osc Freq 


32 x [65536 
- 
(RCAP2H, 
RCAP2L» 


where (RCAP2H, RCAP2L) is a 16-bit unsigned inte- 
ger. 


To obtain the reload value for RCAP2H and RCAP2L 
the above equation can be rewritten as: 


(RCAP2H, 
RCAP2L) 
= 65536 
_ 
Osc Fre~ 
32 x Baud ate 


Refer to Table 2 for reload values for commonly used 
baud rates. 


Notice that when using Timer 2, most standard baud 
rates can be obtained at 12 MHz. 


Table 2. Commonly 
Used Baud Rates 


Generated 
by Timer 2 


Baud Rate 
Osc Freq 
Timer 2 


RCAP2H 
RCAP2L 


375K 
12 MHz 
FF 
FF 


9.6K 
12 MHz 
FF 
09 


4.8K 
12 MHz 
FF 
82 


2.4K 
12 MHz 
FF 
64 


1.2K 
12 MHz 
FE 
C8 


300 
12 MHz 
F8 
1E 


110 
12 MHz 
F2 
AF 


300 
6MHz 
FO 
8F 


110 
6MHz 
F9 
57 


Frequency 
= 12 MHz 


Desired 
Baud 
Rate 
= 9600 
Baud 


(RCAP2H, 
RCAP2L) 
65536 
- 
(12 x 106) 
= 
(32) x (9600) 


= 65497 
= FFD9H 


MOV 
SCON, 
#OFOH 
Serial 
port 
Mode 
3, 
5M2 = 1, 
REN = 1 


MOV 
RCAP2H, 
#OFFH 
Reload 
values 
for 
desired 


MOV 
RCAP2L, 
#OD9H 
baud 
rate 


MOV 
T2CON, 
#34H 
Timer 
2 as baud 
rate 
generator, 
turn 
on Timer 
2 


Software Serial Port Implemented 


with the peA 


BETSY 
JONES 
ECO APPLICATIONS 
ENGINEER 


inter 


For microcontroller 
applications which require more 


than 
one serial port, 
the 83C51FA 
Programmable 


Counter Array (PCA) can implement additional half- 
duplex serial ports. If the on-chip UART is being used 
as an inter-processor link, the PCA can be used to in- 
terface the 83C51FA to additional asynchronous lines. 


This application uses several different Compare/Cap- 
ture modes available on the PCA to receive or transmit 
bytes of data. It is assumed the reader is familiar the 
PCA and ASM51. For more information on the PCA 
refer to the "Hardware Description of the 83C51FA" 
chapter in the Embedded Controller Handbook (Order 
No. 210918). 


The figure below shows the format of a standard IO-bit 
asynchronous frame: 1 start bit (0), 8 data bits, and 1 
stop bit (1). The start bit is used to synchronize the 
receiver to the transmitter; at the leading edge of the 
start bit the receiver must set up its timing logic to 
sample the incoming line in the center of each bit. Fol- 
lowing the start bit are eight data bits which are trans- 
mitted least significant bit first. The stop bit is set to the 
opposite state of the start bit to guarantee that the lead- 
ing edge of the start bit will cause a transition on the 
line. It also provides a dead time on the line so that the 
receiver can maintain its synchronization. 


Two of the Compare/Capture 
modes on the PCA are 


used in receiving and transmitting data bits. When re- 
ceiving, the Negative-Edge Capture mode allows the 
PCA to detect the start bit. Then using the Software 
Timer mode, interrupts are generated to sample the in- 
coming data bits. This same mode is used to clock out 
bits when transmitting. 


(1) List of variables 
(2) Initialization routine 


(3) Receive routine 
(4) Transmit routine. 


A complete listing of the routines and the test loop 
which was used to verify their operation is found in the 
Appendix. A total of three half-duplex channels were 
run at 2400 Baud in the test program. The listings 
shown here are simplified to one channel (Channel 0). 


Listing 1 shows the variables used in both the receive 
and transmit routines. Flags are defined to signify the 
status 
of the reception 
or transmission 
of a byte 


(e.g. 
RCV_START_BIT, 
TXM_START_BIT). 


RCV_BUF 
and TXM-BUF 
simulate the on-chip se- 


rial port SBUF as two separate buffer registers. The 
temporary 
registers, RCV_REG 
and TXM_REG, 


are used to save bits as they are received or transmitted. 
Finally, two counter registers keep track of how many 
bits have been received or transmitted. 


Variables are also needed to define one-half and one- 
full bit times in units of PCA timer ticks. (One bit time 
= 1 / baud rate.) With the PCA timer incremented 
every machine cycle, the equation to calculate one bit 
time can be written as: 


Dsc. Freq. 
(12) x (baud 
rate) = 1 bit time (in PCA timer 
ticks) 


16MHz 
(12) x (2400) 
~ 
556 counts 
= 22C 
Hex 


The high and low byte of this value isplaced in the varia- 
bles FULL_BIT_HIGH 
and FULL_BIT_LOW, 


respectively. 
115H 
is 
the 
value 
loaded 
into 


HALF _BIT_HIGH 
and HALF _BIT_LOW. 


inter 


TXM_START_BIT_O 
BIT 


TXM_IN_PROGRESS_O 
BI~ 


HALF 
BIT 
HIGH 
HALF-BIT-LOW 
FULL-BIT-HIGH 
FULL-BIT-LOW 


EQU 
EQU 
EQU 
EQU 


Indicates 
start 
bit 
has been 
received 
Indicates 
data 
byte 


has been 
received 
Software 
Receive 
"SBUF" 
Temporary 
register 
for receive 
bits 
Counter 
for receiving 


bits 


Indicates 
start 
bit 
has been 
transmitted 
Indicates 
transmit 
is 
in progress 
Software 
transmit 
"SBUF" 
Temporary 
register 
for transmitting 
bits 
Counter 
for transmit- 
ting 
bits 


Register 
used 
for the 
test 
program 


Two modes 
of operation 
for compare/capture 
modules 


inter 


Listing 2 contains the intialization code for the receive and transmit process. Module 0 of the PCA is used as a 
receiver and is first set up to detect a negative edge from the start bit. Modules 2 and 3 are used for the additional 2 
channels (see the Appendix). Module 3 is used as a separate software timer to transmit bits. 


ORG 
OOOOH 


LJMP 
INITIALIZE 


ORG 
OOlBH 


LJMP 
RECEIVE 
DONE 
Timer 
1 overflow 
- 
simulates 
"RI" interrupt 


Initialize 
stack 
pointer 
(specific 
to test program) 
Increment 
PCA 
timer 
@ 1/12 Osc 
Frequency 
Clear 
all 
status 
flags 
Module 
0 in negative-edge 
trigger 
mode 
(Pl.3) 
Module 
3 as software 
timer 
mode 


INIT PCA: 
MOV 
CMOD, 
NOOH 


MOV 
CCON, 
NOOH 
MOV 
CCAPMO, 
NNEG_EDGE 


MOV 
CCAPM3, 
tS_W_TIMER 


MOV 
CL, 
NOOH 
MOV 
CH, 
*OOH 
MOV 
IE, tODBH 
Init all needed 
interrupts 
EA, 
EC, 
ES, 
ETI 
Turn 
on PCA 
Counter 


Two operating modes of the PCA are needed to receive bits. The module must first be able to detect the leading edge 
of a start bit so it is initially set up to capture a l·to·O transition (i.e. Negative·Edge Capture mode). The module is 
then reconfigured as a software timer to cause an interrupt at the center of each bit to deserialize the incoming data. 
The flowchart for the receive routine is given in Figure 1. 


inter 


Add ~ bit 
time 
to 
compare/capture 
registers 


Add 1 bit 
time to 
compare/capture 
registers 


Add 1 bit 
time to 
compare/capture 
registers 


Reconflgure 
PCA 


module 
to 


capture 
1 - 0 


transItions 


inter 


Listing 3.1 shows the code needed to detect a start bit. Notice that the first software timer interrupt will occur one- 
half bit time after the leading edge of the start bit to check its validity. If it is valid, the RCV_START_BIT 
is set. 


The rest of the samples will occur a full bit time later. The RCV_COUNT 
register is loaded with a value of 9 which 
indicates the number of bits to be sampled: 8 data bits and I stop bit. 


RECEIVE: 
PUSH 
ACC 
PUSH 
PSW 


MODULE_O: 
CLR 
CCFO 


MOV 
A, CCAPMO 
ANL 
A, 
#OlllllllB 
CJNE 
A,#NEG_EDGE, 


CLR 
C 
MOV 
A, 
#HALF 
BIT 
LOW 
ADD 
A, 
CCAPOL 
MOV 
CCAPOL, 
A 
MOV 
A, 
#HALF 
BIT 
HIGH 
ADDC 
A, 
CCAPOH 
- 
MOV 
CCAPOH, 
A 
MOV 
CCAPMO, 
is W TIMER 
POP 
PSW 
- - 
POP ACC 
RETI 


Assume 
reception 
on 
Module ° 
Check 
mode 
of module. 
If 
; set up to receive 
negative 
RCV 
START ° ; 
edges, 
then 
module 
- 
is-waiting 
for a start 
bit 


Update 
compare/capture 
registers 
for half 
bit 
time 
to sample 
start 
bit 
Half bit 
time 
= l15H 


Reconfigure 
module ° as 
a software 
timer 
to sample 
bits 


RCV 
START 
0: CJNE 
A, 
is_W_TIMER, 
ERROR ° ; Check 
module 
is 
; configured 
as a software 
i 
timer, 
otherwise 
error. 
JB RCV 
START 
BIT 
0, RCV BYTE ° ; Check 
if start bit 
- 
is received 
yet. 
JB Pl.3, 
ERROR_O 
Check 
that 
start 
bit 
= 0, 
otherwise 
error. 
SETB RCV_START_BIT ° 
Signify 
valid 
start 
bit 
was 
received 
MOV 
RCV_COUNT_O, 
t09H 
Start 
counting 
bits 
sampled 


CLR 
C 
MOV 
A, 
'FULL 
BIT 
LOW 
ADD 
A, 
CCAPOL 
MOV 
CCAPOL, 
A 
MOV 
A, 
iFULL 
BIT 
HIGH 
ADDC 
A, 
CCAPOH 
- 
MOV 
CCAPOH, 
A 
POP 
PSW 
POP ACC 
RETI 


Update 
compare/capture 
registers 
to sample 
incoming 
bits 
Full bit 
time 
= 22CH 


inter 


The next 8 timer interrupts will receive the incoming data bits; the RCV_COUNT 
register keeps track of how many 
bits have been sampled. As each bit is sampled, it is shifted through the Carry Flag and saved in RCV_REG. 
The 
ninth sample checks the validity of the stop bit. If it is valid, the data byte is moved into RCV_BUF. 


The main routine must have a way to know that a byte has been received. With the on-chip UART, the RI (Receive 
Interrupt) bit is set whenever a byte has been received. For the software serial port, any unimplemented interrupt 
vector can be used to generate an interrupt when a byte has been received. This routine uses the Timer I Overflow 
interrupt (its selection is arbitrary). A routine to test this interrupt is included in the listing in the Appendix. 


RCV_BYTE_O: 
DJNZ 
RCV_COUNT 
0, RCV 
DATA ° ; On 
9th sample, 
; check 
for valid 
stop bit 


RCV 
STOP 
0: JNB Pl.3, 
ERROR ° 


- 
- MOV 
RCV_BUF_O, 
RCV_REG_O 


SETB RCV_DONE_O 


SETB 
TFl 


MOV 
CCAPMO, 
tNEG_EDGE 


POP PSW 
POP ACC 
RETI 
, 
RCV 
DATA 
0: MOV 
C, Pl.3 


MOV 
A, RCV 
REG ° 
RRC A 
-- 


MOV 
RCV_REG_O, 
A 


CLR 
C 


MOV 
A, 
tFULL_BIT 
LOW 


ADD 
A, CCAPOL 


MOV 
CCAPOL, 
A 


MOV A, 
tFULL 
BIT 
HIGH 


ADDC 
A, CCAPOH 


MOV 
CCAPOH, 
A 


POP 
PSW 


POP ACC 
RETI 


; Save 
received 
byte 
in 


receive 
"SBUF" 
Flag which 
module 
received 
a byte 
GeQerate 
an interrupt 
so 


main 
program 
knows 
a byte 
has been 
received 
(Note: selection 
of TFl 
is 


arbitrary) 
Reconfigure 
module ° for 
Reception 
of a start 
bit 


Sampling 
data bits 
Shifts 
bits 
thru 
CY 
into 


ACC 
Save each 
reception 
in 
temporary 
register 
Update 
c/c 
register 
for 
next 
sample 
time 


In addition, an error routine (Listing 3.3) is included for invalid start or stop bits to offer some protection against 
noise. If an error occurs, the module is re-initialized to look for another start bit. 


CLR 
RCV_START_BIT_O 


POP 
PSW 
POP 
ACC 


RETI 


Reset 
module 
to 
look 
for 
start 
bit 
Clear 
flags 
which 
might 


have 
been 
set 


Another 
PCA 
module 
is configured 
as.a 
software 
timer 
to interrupt 
the CPU 
every bit time. With 
each timer 


interrupt 
one or more bits can be transmitted 
through 
port pins. In the test program 
three channels 
were operated 
simultaneously, 
but in the listings below, one channel 
is shown 
for simplicity. 
The selection 
of port 
pins is user 


programmable. 
The flowchart 
for the transmit 
routine is given in Figure 2. 


When a byte is ready to be transmitted, 
the main program moves the data byte into the TXM_BUF 
register and sets 


the corresponding 
TXM_IN_PROGRESS 
bit. This bit informs the interrupt 
routine 
which channel 
is transmit- 


ting. The data byte is then moved in the storage register TXM_REG, 
and the TXM_COUNT 
is loaded. This main 


routine is shown in Listing 4.1. 


MOV 
TXM BUF 
0, DATA 
0 


MOV 
TXM-REG-O, 
TXM BUF 
0 


MOV 
TXM-COUNT 
0, #09 
- 
SETB 
TXM 
IN PROGRESS 
0 
- 
- 
- 


Clear 
status 
flag 
from 
previous 
transmission 
Load 
"SBUF" 
with 
data 
byte 


inter 


Listing 
4.2 shows 
the transmit 
Interrupt 
routine. 
The first time through, 
the start 
bit is transmitted. 
As each 
successive interrupt 
outputs 
a bit, the contents 
of TXM_REG 
is shifted right one place into the Carry flag, and the 
TXM_COUNT 
is decremented. 
When TXM_COUNT 
equals zero, the stop bit is transmitted. 


TRANSMIT: 
PUSH 
ACC 


PUSH 
PSW 


CLR 
CCF3 
; Clear 
s/w timer 
interrupt 
; for transmitting 
bits 
TRANSMIT 
1 ; Check 
which 
channel 
is transmitting. 
; "TRANSMIT 
1" is listed 
in 
; the Appendix 


TXM BYTE ° ; 
If start 
bit 
has 
been 
sent, 
continue 
transmitting 
bits. 
Otherwise 
transmit 
start 


bit 
Signify 
start 
bit 
sent 


TXM BYTE 
0: DJNZ 
TXM COUNT_O, 
TXM DATA ° ; 
If bit 
count 
equals 
1 thru 
9, transmit 
data bits 
(8 total) 


0: MOV 
A, 
TXM REG ° 


RRC A 
- 


MOV P3.2, 
C 


MOV 
TXM_REG_O, 
A 


CLR 
C 


MOV 
A, 
tFULL 
BIT 
LOW 


ADD 
A, CCAP3L 


MOV 
CCAP3L, 
A 


MOV A, 
.FULL 
BIT 
HIGH 
ADDC 
A, 
CCAP3H 
- 


MOV 
CCAP3H, 
A 


POP 
PSW 


POP ACC 
RETI 


When 
bit 
count 
= 0, 
transmit 
stop bit 
Indicate 
transmission 
is 
finished 
and ready 
for 
next byte 


Transmit 
one bit 
at a time 
through 
the 
carry 
bit 


The software routines in the Appendix 
can be altered to vary the baud rate and number of channels to fit a particular 
application. 
The number 
of channels 
which can be implemented 
is limited by the CPU time required 
to service the 
PCA interrupt. 
At higher baud rates, fewer channels 
can be run. 


The test program 
verifies the simultaneous 
operation 
of three half-duplex 
channels 
at 2400 Baud and the on-chip 
full-duplex 
channel at 9600 Baud. Thirty-three 
percent of the CPU time is required 
to operate all four channels. 
The 
test was run for several hours with no apparent 
malfunctions. 


DOS 3.20 
(038-N) 
HCS-51 
Il.\CRO ASSEMBLER, V2.2 
OBJECT MODULEPLACED IN SWPORT.OBJ 
ASSEMBLERINVOKEDBY: 
C: \AEDIT\ASH51. EXE SWPORT.RCV 


0000 
0000 
020036 


OOIB 
OOlB 02025C 


0023 
0023 
020282 


0033 
0033 
0200DC 


SOURCE 


$NOMOD51 
SNOSYMBOLs 
$NOLIsT 


i~~:eP~~~i~~u~i:~S 
c~~~n;i~e~~: 
i~I~:~t~~ 
tns~~~~:~~e 
s~~i~~n~~t. 
2400 
Baud 
(l6MBz). 
The on-chip 
serial 
port 
is 
also 
runninq 
full-duplex 
:I19~~~rB;6~ts~~~~Ir;~~~~;l~:rcent 
of 
the CPUtime is 
required 
to run 


To test 
the 
receive 
routines, 
-dummy· terminals 
transmit 
00 - rF hex 
continually 
to the PCA. 
When the !lrst byte 
is 
received, 
it is 
r~~~:~:~t:at~n~O 
theI~o~~!n;o:~t~~s~g 
~:c:t;~dth;h~e~~me~~:. 
vai~~o~s 
~iuI~n:riI~~~trd 
v:~~~isb~~r~r 
3sf~~Sbt~t~~~~:f~~d~OJli)arison occurs 


ORG OOH 
LJHP INITIALI ZE 


ORG OOIBH 
LJHP RECEIVE_DONE 


ORG 00238 
LJHP SERIAL_PORT 
Serial 
port 
interrupt 


PCA interrupt 


kcv START BIT 
0 
RCV-STARTllIrl 
~CV:START~IT:2 


RCV DONE0 
RCV-OONE-I 
RCV:DONE:2 


kCVOHO· 
RCV-OH-I 
RCV:0H:2 


20H.0 
21H.0 
22H.0 


20H.I 
2IH.I 
22H.l 


20H.2 
21H.2 
228.2 


_. 
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LOC OBJ 
LINE 
SOURCE 
CR.. 


0030 
199 
RCVBer 0 
DATA 
30B 
I Software 
receive 
'SBOF' 
0040 
200 
RCVIllJrl 
DATA 
40B 


0050 
201 
RCVIlOr2 
DATA 
506 
202 
I 
- 
- 
8m 
m 
:~g.-~ 
gm 
m; 
~:~~~m 
m~ster 
for 


0051 
205 
RCVJlEG'""2 
DATA 
51R 


0032 
~~~ 
kcv-c~ 
0 
DATA 
32R; 
Counter 
for 
receiving 
bits 
0042 
208 
RCV-COUNrl 
DATA 
426 


0052 
209 
RCV-COONr2 
DATA 
528 
210 
I 
- 
- 
8m 
m 
gg~~ 
g~i~ 
m; 
g;~s 
i~i~;t 
r~~~~~ 
to 
check 
0053 
213 
COONr2 
DATA 
53B 
214 
I 
- 
0011 
215 
NEGEDGE 
EOO 
liB; 
Two lIOeles of operation 
for 
the 
0049 
H~ 
~-',=TIMER 
EOO 
498; 
COlIIpare/Capture 
lIOcIule. 


0015 
218 
HALFBIT LOll 
EOO 
15B; 
6alf 
bit 
tilll! 
• 115B 
0001 
219 
HALrBIrHIG6 
EOO 
OIH. 


002C 
220 
FOLLllIrLOIl 
EOO 
2CB 
I Full 
bit 
time 
• 22CB 
0002 
221 
FOLLllITllIG6 
EOO 
026 
222 
- 
- 
; 2400 Bauel @ 16MBz 
223 
224 
ill 
. 
I I - 
I\) 
227 
• 
IIlITIALIZATION ROUIITINE 
,. 
, 
228 
••••••••••••••••••••••• 
III 
I\) 
229 
• 
I 
W 
I 
0036 15815F 
230 
INITIALIZE: 
IIOVSP, .5FH 
; 
Initialize 
stack 
reinter 
~ 


.•..•. 
0039 750900 
m 
INIT PCA: 
IIOVCIIOD, 800H 
; l~rr~~~~a. 
t~!oc:s~ 
nnrg:~ 
Freq 
003C 750800 
233 
- 
IIOVCCON/.'OOB 
; Clear 
all 
status 
flags 
003F 15DAll 
234 
IIOVCCAPIIO,'NEG EDGE 
1 llocIule 0 in 
Neq-~e 
capture 
IlIO<Ie(PI. 31 
0042 15DBll 
235 
IIOVCCAPMI, 'IlEG""EDGE 
; IlocIule I' 
(PI. 4 
0045 15DCll 
~~~; 
IlOVCCAPM2,'NEs;:tDGE 
1 Moelule 2' 
(PI. 5 


0048 75E900 
238 
IIOVCL1 'OOB 
004B 75F900 
239 
IIOVCH, .006 
~mm~08 
m 
~;BI~ 
.OOBB 
; ~~~i~~i~~n:~~e~nterruPt: 
EA,EC,ES,ETI 
242 
• 


0053 159850 
243 
!NIT SP: 
MOVSCOIl. ,50B 
I Serial 
port 
in IlOcIe I 
(8-Bit 
OART) 
0056 15CBFF 
244 
- 
IIOVRCAPl6, 'OFFH 
I Reloael values 
for 
9600 Bauel @ 16 MHz 
0059 75CACC 
245 
/lOV RCAP2L, 'OCCH 
005C 75C834 
246 
MOVT2COH, .346 
I Timer 2 as a bauel-rate 
generator, 
247 
I turn 
on tiller 
2 
248 
; 
005F C200 
249 
IHIT FLAGS: 
CLR RCVSTARTBIT 0 
0061 C208 
250 
- 
CLR RCV-STARTllIrl 
0063 C210 
251 
CLR RCV-STARTlllr2 
252 
I 
- 
-- 
0065 C201 
253 
CLR RCV_DOHE_O 


270531-12 


LOC 08J 


0067 C209 
0069 C211 


0068 
C202 


0060 C20A 
006F C212 


0071 
0282 
0073 
0283 


0075 
o2B4 


0077 0285 
0079 
0286 
007B 02B7 


0070 
753000 
0080 
754000 
0083 
755000 


0086 
753200 
0089 
754200 
008C 755200 


008F 
753100 
0092 
754100 
0095 
755100 


0098 
753300 
009B 754300 
009E 755300 


OOAI 300209 
OOM E530 
OOM B533IE 
OOM C202 
OOAB0533 


OOAo 300M9 
OOBOE540 
00B2 B54319 
00B5 C20A 
0087 
0543 


0089 
3012E5 


OOBCE550 
OOBEB55314 


CLR RCV OONE 1 
CLR RCV::OONE:2 


CLR RCV ON 0 
CLR Rev-Olrl 
CLR RCV::0~2 


Port 3 pins used in test 
proqrall 
for error routines 


Main prOCJraa: 
SETB P3.2 
Error 
in 
comparison 
on module 
SETB P3.3 
Error 
in 
comparison 
on module 


SET8 P3.4 
Error 
in 
comparison on module 


Interrupt 
routines: 


SET8 P3.5 
Error 
in 
reception 
on module 0 
SET8 p3.6 
Error 
in 
reception 
on module 1 
SETB P3.7 
Error 
in 
reception 
on module 2 


MOVRCV BUF 0, 
'OOH 
MOVRCV"llUrl, 
'OOH 
MOVRcv:eOr:2, 
'OOH 


MOVRCV COONT 0, 
'OOH 
MOVRev-COONrl, 
'OOH 
MOVRCV::COONr:2, 
'OOH 


MOVRCV REG 0, 
'OOH 
MOVRCV"llE<>I, 
'OOH 
MOVRC'CR£G:2, 
'OOH 


MOVCOUNT0, 
'OOH 
MOVCOUNrI, 
'OOH 
IIOV COONr:2, 
'OOH 


JN8 RCV ON 0, 
CHECK 1 


rJ~lA. 
R~F 
lJ~ E~ORO 
CLR RCV ON 0 - 
INC 
COllllT_lJ 


JNB RCV ON I, 
CHECK2 


IIOV A, RCVllUF 
1 
- 


CJNE A, COUNTT, 
ERROR1 
CLR RCV ON I - 
INC COURT_T 


JN8 RCV ON 2, 
CHECK 0 
MOVA, RCVllUF 
2 
- 
CJNE A, COOllT_2, 
ERROR2 


Main proqram 
continually 
checks 
each channel 
for a recel ved byte. 
e~~~ 
~h~Y~~r~:n~e;:i~~ln 
i~h~s.~g~~~~ed 


register 


LOC 
OBJ 


OOCI 
C212 


00C3 
0553 


DOCS 
BOOA 


00C1 
C2B2' 


00C9 
150AOO 
OOCC 
BOOF 


OOCE 
C2B3 
0000 
150BOO 
0003 
BOE4 


0005 
C2B4 
0001 
15DCOO 
OODA 
BOC5 


OOOC 
COED 
OOOE 
COOO 


OOEO 
200811 
00E3 
200908 
DOE' 
200MB 
00E9 
DODD 
OOEB 
ODED 
OOEO 
32 


OOEE 
0201'C 
OOFI 
020lE4 


00F4 
C208 
OOF' 
E50A 
OOFB 
541F 
OOFA 
B41115 


OOFO 
C3 
OOFE 
1415 
0100 
25EA 
0102 
F5EA 
0104 
1401 
010' 
35FA 
0108 
F5FA 
OIOA 
150A49 


0100 
DODO 
OIOF 
OOEO 


CLR 
RCV 
ON 
2 
INe 
COOWT Z 
JIlP 
CHECJCO 


CLR 
P3.2 


MOV CCAPHO\ 
'OOH 


JIlP 
CHECK_ 


CLR 
P3.3 


HOV CCAPHI. 
'OOH 
JHP 
CHECK_l 


CLR 
P3.4 
MOV CCAPH26 
'OOH 


JIlP 
CHECK_ 


JB 
CCFO, 
JB 
CCFlt 


JB 
CCF2t 
POP 
PSll 
POP 
ACC 
RETI 


LJIlP 
MODULE 
I 
LJIlP 
MODULE:2 


CLR cero 
HOV A, 
CCAPHO 
ANL 
A, 
,01111111B 
CJIIE 
A, 
'NEG_EDGE, 
RCV_START_O 


CLR 
C 
MOV At 
'HALF 
BIT 
LOll 
~~ ~CA~r'°f - 
MOV A, 
'HALF 
BIT 
HIGH 
AODC 
A, 
CCAPUH 
- 
MOV CCAPOH, 
A 
HOV CCAPIIO, 
'S_II_TlMER 


POP 
PSII 
POP 
ACC 


; 
Check 
which 
module 
caused 


; PCAinterrupt 
and jump to 
; appropriate routine 


~~;~ft~de 
ogf~d~!e~ 
If set 
up to 
reee! ve negative 
edges, 
then module 
is vaiting 
for a start 
bit 


~~1t: 
g~~p~r~Capture 
register. 
for 
~~l~a~f~\~~r~ 
mH 


_. 
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LOC 
OBJ 
LI NE 
SOURCE 
CR.. 


0111 
32 
364 
RETI 


0112 
B4494B 
~t~ 
Rev 
START 0: 
CJNE A, 
'S 
N TIMER, 
ERROR 0 
Check 
module 
is 
configured 


367 
- 
- 
- - 
- 
as a software 
timer, 
otherwise 
error. 


0115 
2000lA 
368 
JB 
RCV START BIT 
0, 
RCV BYTE 0 
Check 
if 
.tart 
bit 
369 
- 
- 
- 
- 
- 
has 
been 
recei 
ved 
yet 
0118 
209345 
370 
JB 
P1.3, 
ERROR 0 
Check 
that 
start 
blt 
• 
0, 
J11 
- 
otherwise 
error. 
011B 
0200 
372 
SETB RCV START BIT 
0 
Signify 
valid 
.tart 
bit 
373 
- 
- 
- 
vas received 
0110 
753209 
H~. 
MOV RCV_COUNT_O, 
'09H 
Start 
counting 
bit 
•• 
ampled 


0120 
C3 
376' 
CLR C 
; 
Update 
C/C 
regist"r. 
to 
.ampl" 
0121 
142C 
377 
MOV A, 
'PULL 
BIT 
LOW 
; 
incoming 
bits 
0123 
25EA 
378 
ADD A, 
CCAPOt 
- 
; 
Pull 
bit 
tim.. 
• 
nCH 
0125 
P5EA 
379 
MOV CCAPOL, A 
0127 
7402 
380 
MOV AI. 'PULL 
BIT 
HIGH 
~mm~ 
m 
~~CccJ.pg~~~H - 
0120 
DODO 
383 
POP PSN 
012P 
DOEO 
384 
POP ACC 
0131 
32 
385 
RETI 


0132 
053212 
U~ 
Rev 
BYTE 0: 
DJNZ RCV COUNT 0, 
RCV DATA 0 
; 
On 9th 
.ample, 
eh"ek 
for 
388 
- 
- 
- 
- 
- 
; 
valid 
.top 
bit 
0135 
309328 
389 
RCV STOP 0: 
JNB PI.3 
ERROR 0 
0138 
853130 
390 
- 
- 
MOV RCV BUP O. 
RCV REG 0 
; 
Save 
r"edv"d 
bIte 
in 
reeeiv" 
'SBUP' 
N 
I 
~mm~ 
m 
m~~POIlE_O 
- 
- 
; 
~~~~r:~~e~n'~~,,~r~~~,,~~e~rnb~~~ram 
I I » 
N 
393 
; 
knows 
a 
bIt" 
has 
be"n 
received 
OJ 
394 
; 
(NOTE: 
." 
"ction 
of 
TPI 
is 
arbitrary) 
I 
~ 
013P 
75DAII 
395 
MOV CCAPMO, 'NEG 
EOGE 
; 
Reeonfigur" 
module 
0 
for 
n"xt 
:!:: 
0142 
DODO 
396 
POP PSN 
- 
; 
reception 
of 
a 
.tart 
bit 
0144 
DOEO 
397 
POP ACC 
0146 
32 
398 
RETI 


0147 
A293 
1~g 
RCV DATA 0: 
MOV C. 
PI. 
3 
; 
Sampling 
data 
bit. 
0149 
E531 
401 
- 
- 
MOV A, 
RCV REG 0 
; 
Shift 
bits 
through 
CY into 
ACC 
014B 
13 
402 
RRC A 
-- 
014C 
P531 
403 
MOV RCV REG 0, 
A 
; 
Save 
each 
r"e"ption 
in 
temporary 
404 
- 
- 
; 
r"gist"r 
014E 
C3 
405 
CLR C 
014P 
742C 
406 
MOV A, 
'PULL 
BIT 
LOW 
; 
Update 
C/C 
r"gist"r 
for 
next 
~mm~ 
m 
~~~cJgtPO~ 
- 
; 
sampl" 
tim.. 


0155 
7402 
409 
MOVA, 
'PULL 
BIT 
HIGH 
0157 
35PA 
410 
ADDC A, 
CCAPUH 
- 
0159 
f5PA 
411 
MOV CCAPOH, A 
015B 
DODO 
412 
POP PSN 
0150 
DOEO 
413 
POP ACC 
015P 
32 
414 
RETI 


0160 
C2B5 
:l~ 
ERROR 0: 
CLR P3.5 
; 
Error 
routine 
for 
invalid 
.tart 
or 
417 
- 
; stop bit 
or invalid 
mode comparison 


270531-15 


0162 
150All 


0165 
C200 
m~gm· 
016B 32 


016C C209 
016E E50B 
0110 
541F 
0112 
B41115 


0175 
C3 
0116 
1415 
0178 
25EB 
011A F5EB 
011C 1401 
011E 35FB 
0180 
F5FB 
0182 
150B49 
0185 
0000 
0181 
OOEO 
0189 
32 


018A B4494B 
0180 
20081A 
0190 
209445 


0193 
0208 
0195 
754209 


0198 
C3 
0199 
142C 
019B 25EB 
0190 
F5EB 
019F 
1402 
OIAI 35FB 
0lA3 
F5FB 
0lA5 
0000 
0lA1 
OOEO 
0lA9 
32 


OIM 
054212 


OIAO 309428 
OIBO 854140 
0lB3 
0209 
0lB5 
028F 
0lB1 
150Bll 


OIBA 0000 
OIBC OOEO 


RCV_BYTE_I: 


RCV_STOP_I: 


CLR CCFI 
HOV A, CCAPHI 
~~~b"l~m~~Mt 
RCV_START_I 


CLR C 
HOVA, 
IHALF BIT LOW 
~e~cA~i~~ 
I~ - 
HOVA, 
IHALF BIT HIGH 
AOOCA, CCAPTH - 
HOV CCAPIH, A 
HeV CCAPKI, IS N TIMER 
POP PSN 
- - 
POP ACC 
RETI 


CJNE A, 
IS W TlKER, 
ERROR I 
JB RCV STARTIlIT 
I, 
RCV BYTE I 
JB Pl.l, 
ERROR_I- 
- 
- 


SETB RCV START BIT 1 
KOV RCV_COUNT_T, 11J9H 


CLR C 
KOV A, 
trULL BIT LON 
~e~h~WI~ - 
HOV A, 
IFULL BIT HIGH 
~gecc~APi~~rH - 
POP PSN 
POP ACC 
RETI 


OJNZ RCV_COUNT_ I, 
RCV_DATA_I 


JNB PI. 4, 
ERROR I 
HOV RCV BUF I, 
RCV REG I 
SETB RCV DONE I 
- 
- 


SETB TFl- 
- 
~~ 
~~ePKI, 
INEG_EDGE 


POP ACC 


Port 
pin 
used 
[or 
debu9 
only 
Reset 
..,dule 
to 
look 
for 
start 
bit 
Clear 
flaqs 
which 
miqht 
have 
been 
set 


I 
_. 
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Loe 
OBJ 
LINE 
SOUReE 


OIBE 32 
413 
RETI 


414 
RCV DATA I: 
OIBF A294 
415 
Hove, 
Pl.4 
Olel 
E541 
416 
- 
- 
HOV A, RCV REG 


0le3 
13 
. 
417 
RRe A 
-- 


0le4 
F541 
418 
HOV RCV_REG_I, 
A 
419 
; 


0le6 
e3 
480 
eLR e 


Olel 
142C 
481 
HOV A, 
'FULL 
BIT LOll 
0lC9 
25EB 
482 
~g~~CA~I~ 
I~ 
- 
OICB F5EB 
483 
OICO 1402 
484 
HOV A, 
'FULL 
BIT HIGH 


OICF 35FB 
485 
AODC A, eCAPIH 
- 


0101 
F5FB 
486 
HOV CCAPIH, 
A 
0103 
0000 
481 
POP PSII 


0105 
OOEO 
488 
POP ACC 
0101 
32 
489 
RETI 
490 
ERROR I: 
0108 
C2B6 
491 
CLR P3.6 
OIOA 150B11 
492 
- 
HOV CCAPHI, 
INEG EDGE 
0100 
C208 
493 
CLR RCV START BIT I 
OIOF 0000 
494 
POP PSIO 
- 
- 


OIEI 
OOEO 
495 
POP ACC 
0lE3 
32 
496 
RETI 


491 
498 
499 
N 


I 


500 
CHANNEL2 


I 
I 


~ 
N 
501 
--------- 
502 
; 
aJ 
W 
503 
. 
0> 
0lE4 
C20A 
504 
MODULE2: 
CLR CCF2 
; Similar 
to module 0 
"'" 
0lE6 
E50C 
505 
- 
MOVA, 
CCAPM2 
..•. 


0lE8 
541F 
506 
ANL A, 
lOll1l1l1B 
OlEA B41115 
501 
CJNE A, 
INEG_EOGE, RCV_START_2 


508 
; 


OlEO C3 
509 
CLR C 
OIEE 1415 
510 
MOVA, 
IHALF BIT LOll 
OIFO 25EC 
511 
ADD A, 
CCAP2L 
- 
0lF2 
F5EC 
512 
MOVCCAP2L, A 
0lF4 
1401 
513 
MOVA, 
IHALF BIT HIGH 
0lF6 
35FC 
514 
AOOC A, 
CCAP1H 
- 
0lF8 
F5FC 
515 
MOVCCAP2H, A 
o IFA 150C49 
516 
~g~~~~PH2, 
IS_II_TIMER 
OIFO DODO 
511 
OIFF OOEO 
518 
POP ACC 


0201 
32 
519 
RETI 
520 
kcv START 2: 
0202 
B4494B 
521 
CJNE A, 
IS II TIMER, 
ERROR 2 
0205 
2010lA 
522 
- 
- 
JB RCV START-BIT 
2, 
RCV BYTE 2 


0208 
209545 
523 
JB Pl.5, 
ERROR_Z- 
- 
- 
524 
; 


020B 0210 
525 
SETB RCV START BIT 2 
0200 
755209 
526 
HOV RCV_COUNT_l, 
l09H 
521 


270531-17 


LOC· OBJ 


0210 
C3 


0211 
742C 


0213 
25EC 


0215 
F5EC 
0217 
740t 
0219 
35FC 
021B F5FC 
0210 
DODO 
021F 
DOEO 
0221 
32 


0222 
055212 


0225 
309528 
0228 
855150 
022B 
0211 
0220 
D28F 
022F 
75DCll 
0232 
DODO 
0234 
DOEO 
0236 
32 


0237 
A295 
0239 
E551 
023B 
13 
023C F551 
023E C3 
023F 
742C 
0241 
25EC 
0243 
F5EC 
0245 
7402 
0247 
35FC 
0249 
F5FC 
024B DODO 
0240 
DOEO 
024F 
32 


0250 
C2B7 
0252 
75DC11 
0255 
C210 
0257 
DODO 
0259 
DOEO 
025B 
32 


025C COEO 
025E 
CODO 
0260 
C28F 


kcv BYTE 2: 


kCV=STOP=2: 


CLR C 
MOVA, 
'FULL 
BIT 
LOW 
~g~~1:A~}f2f - 
MOVA, 
'FuLL 
BIT 
HIGH 
~~Cc~,I.p}~~~H- 
POP PSW 
POP ACC 
RETI 


DJIIZ RCV_COUNT_2, 
RCV_DATA_2 


JNB PI. 5, 
ERROR 2 
HOV RCV BUF 2, 
RCV REG 2 
SETB RCV DORE 2 
- 
- 


SETB TFl- 
- 
HOV CCAPH2, 
'NEG EDGE 
POP PSW 
- 
POP ACC 
RETI 


MOVC, 
PI.5 
MOVA, 
RCV REG 2 
RRC A 
-- 
MOVRCV REG 2, 
A 
CLR C 
- 
- 


MOVA, 
'FULL 
BIT 
LOW 
ADD A, 
CCAP2t 
- 


=g~~;A)~bLL\IT 
HIGH 
ADDC A, 
CCAP2H 
- 
MOVCCAP2H, A 
POP PSW 
POP ACC 
HETI 


CLR p3.7 


~~ 
iW~iAR~N~~TE~GE 
POP pstr 
-- 
POP ACC 
RETI 


PUSH ACC 
PUSH PSW 
CLR TFl 


LOC 
OBJ 


0262 
300106 


0265 
C201 


0267 
C200 
0269 
0202, 


026B 
300906 
026E 
C209 
0270 
C208 
0272 
0201. 


0274 
301106 
0277 
C211 
0279 
C210 
027B 
0212 


0270 
DODD 
027r 
DOEO 
0281 
32 


0282 
COED 
0284 
CODO 
0286 
30980B 
0289 
E599 
028B C298 
0280 
r599 
028r 
DODO 
0291 
DOEO 
0293 
32 


0294 
C299 
0296 
DODO 
0298 
DOEO 
0291. 
32 


JNB RCV DONE 0, 
RCV 1 
CLR Rev-OONE-O 
- 
CLR Rev-START 
BIT 
0 
SETB RCV_ON_O- 
- 


JNB RCV DOllE I, 
RCV 2 
CLR RCV-DONE-I 
- 
CLR RCV-START BIT 
1 


SETB RCV_ON_I- 
- 


JNB RCV DONE 2, 
RETURN 


CLR RCV-OONE-2 
CLR Rev-START 
BIT 2 


SETB RCV_ON_2- 
- 


POP PSW 
POP ACC 
RETI 


; Check which ftXiule 
received 
a byte 
; Clear flag'S needed for next reception 


Tell 
main routine 
which channel 
received 
a byte 


; Whena byte is 
received 
on the full-duplex 
serial 
port, 
it is then 
; transmitted 
back to a -duuy" 
terminal. 
This terminal 
checks that 
the 


; byte it 
transmitted 
to the PCA is the same value it 
receives 
back. 


REGISTER BANK(S) 
USED: 0 


ASS£HBLY COMPLETE, NO ERRORS rOUND 


PUSH ACC 
PUSH PSW 
JNB RI, 
TXH 
~~ ~i SBUr 
HOV SBUr, 
A 
POP PSW 
POP ACC 
RETI 


CLR TI 
POP PSW 
POP ACC 
RETI 


DOS 3.20 
(038-N) 
HCS-51 
MACROASSEMBLER, V2.2 


OBJECT MODULEPLACED IN SWPORT.OBJ 
ASSEMBLER INVOKED BY: 
C: lAEDITIASH51.EXE 
SNPORT. TR 


0000 
0000 
020036 


0023 
0023 
02014B 


0033 
0033 
0200DO 


SOURCE 
i 


NOHOD51 
NOSYMBOLS 
NOLIST 


This 
t>rogram tests 
the transmit 
routines 
for 
the software 
serial 
port. 
To initialize 
the first 
transmisSlon, 
the compare values 
are loaded 
before 
the 
peA timer 
is 
started. 
Successive 
interrupts 
are generated 
every 
bit 
time by the software 
timer. 


For test 
purposes, 
the data transmitted 
increments 
from 00 to rF hex. 
:~~'~~r;:;~~~s 
receive 
these 
bytes 
and display 
the bytes 
as they 


ORG 
DOH 
LJHP 
INIT_TXH 


6RG 0023H 
LJHP SERIAL_PORT 


6RG 0033H 
LJHP TRANSMIT 
,, 
;; 


TxH START BIT 
0 
TXIrSTARTlllrl 
TXPCSTAR:r:::BI:r:::2 


TxH I N PROGRESS 0 
TXIrIN-PROGRESS-1 
TXPCI N::PROGRESS=2 


TxH BUr 0 
TXlrBur-l 
:xpcBur=2 


TxM REG 0 
TXIrREG-l 
TXpcREG=2 


TxM COUNT 0 
TXM-COUNT-l 
:XPCCOUNT=2 


DATA 0 
DATA=1 


BIT 
20H.3 
Indicates 
start 
bit 
has 
been 
BIT 
21H.3 
transmitted 
BIT 
22H.3 


BIT 
20H.4 
Indicates 
transmit 
is in progress 
BIT 
21H.4 
BIT 
22H.4 


DATA 
34H 
Software 
transllit 
·SBUr· 
DATA 
44H 
DATA 
54H 


DATA 
35H 
~~:~~t~riri~g~~~:r 
for 
DATA 
45H 
DATA 
55H 


DATA 
36H 
Counter for transmitting 
bits 


DATA 
46H 


DATA 
56H 


DATA 
37H 
Register 
used for the test 
DATA 
47H 
program 


HCS-51 MACROASSEMBLER 
SWPORT 


LOC 
OBJ 
LINE 
SOURCE 


0057 
199 
OATA_2 


200 
S_W_TIHER 
0049 
201 
202 
002C 
203 
FULL BIT LOW 
0002 
204 
FULL:BIT:HIGH 
205 
206 
201 
208 
; 
209 
iNIT_TXH: 
0036 
75815F 
210 
211 
0039 
150900 
212 
003C 150800 
213 
003F 
75F900 
214 
0042 
75E900 
215 
0045 
750049 
216 
211 
0048 
15A8D8 
218 
219 
004B 159850 
220 
INIT_SP: 
004E 15CBFF 
221 
I\) 
0051 
15CACC 
222 
0054 
75C834 
223 
N 
224 
~ 
225 
iNITJLAGS: 
0 
0057 
C203 
226 
0059 
C20B 
227 
005B C213 
228 
229 
0050 
C204 
230 
005F C20C 
231 
0061 
C214 
232 
233 
0063 
153400 
234 
0066 
154400 
235 
0069 
755400 
236 
237 
006C 153500 
238 
006F 
154500 
239 
0072 
155500 
240 
241 
0075 
753600 
242 
0018 
154600 
243 
001B 155600 
244 
245 
001E 
1531FF 
246 
0081 
7547FF 
247 
0084 
1551FF 
248 
249 
0081 
75E02C 
250 


OOiA 75F002 
251 
0080 
020E 
252 
253 


MOVSP, 
15FH 


MOVCMOO, 100H 
::g~~~?Nlo~~OH 
MOVCL, 
100H 
MOVCCAPH3, IS_W_TlHER 


MOVIE, 
1008H 
::g~~~~~~H~5~gFFH 
MOVRCAP2L, 'OCCH 
MOVT2CON, 134H 


CLR TXH START BIT 0 
CLR TXtrsTARTfllrl 
CLR TXU:STAR~BI~2 


CLR TXH IN PROGRESS 0 
CLR TXtrINl'ROGRESS-I 
CLR TXU:IN:rROGRESS:2 


MOVTXH BUF 0, 
100H 
MOVTXtrBUF-I, 
100H 
MOVTXU:BUF:2, 
100H 


MOVTXH REG 0, 
'OOH 
MOVTXtrREl>I, 
'OOH 
MOVTXU:REG:2, 
100H 


MOVTXH COUNT0, 
100H 
MOVTxtrcouNrl, 
100H 
MOVTXU:COUNT:2, 
100H 


MOVDATA0, 
10FFH 
MOVDATA-I, 
10FFH 
MOVOATA:2, 
10FFH 


MOVCCAP3L, 12CH 
MOVCCAP3H, '02H 
SETB CR 


Software 
timer 
mode 
for 
the 
~~ila~i~c~f~r~ 
ng~le 
2400 
Baud 
at 
16 HHz 


(Compatible 
with 
receive 
routines) 


Increment 
peA timer 
@ 1/12 cse. 
freq. 


Clear 
all 
status 
flags 


Module 3 configured 
as softvare 
timer 


Initialize 
all 
needed interrupts 


Serial 
port 
in 
mode I 
Ii-bit 
UARTI 
Reload 
values 
for 
9600 
Baud 
@ 
16 HHz 


Cause the 
first 
software 
timer 
to 
interrupt 
one bit 
time after 
PCA timer is 
started 


HCS-51 HACROASSEMBLER 
SWPORT 


LOC 
OBJ 
LINE 
SOURCE 


254 
255 
256 
; 
251 
fIRST_TXM: 
008F 
020090 
258 
259 


""IN_TXM: 
0092 
300408 
260 
0095 
300Cl6 
261 


0098 
301424 
262 
009B 80F5 
263 
264 
; 
265 
TxM_ON 
0090 C203 
266 
-0: 


009F 
0531 
261 
OOAI 853134 
268 
OOM 853435 
269 
OOAl 153609 
210 
OOM 0204 
211 
OOAC80E4 
212 
213 
TxM_ON_ 
OOAEC20B 
214 
I: 


OOBo 0541 
215 
00B2 854144 
216 
I\) 
00B5 854445 
211 
00B8 154609 
218 
N 
OOBB020C 
219 
~ 
OOBO8003 
280 
281 
fXM_ON_2: 
OOBFC213 
282 
OOCI 0551 
283 
00C3 855154 
284 
00C6 855455 
285 
00C9 155609 
286 
OOCC0214 
281 
OOCE 80C2 
288 
289 
290 
291 
292 
293 
TRANSMIT: 
0000 COED 
294 
0002 CODO 
295 
0004 
C20B 
296 
0006 
30041E 
291 
298 
299 
300 
301 
302 
0009 
200301 
303 
TRANSMIT_ 0: 


304 
OOOCC2B2 
305 
OOOE0203 
306 
ODED0200n 
301 
308 


JHP TXM_ON_O 


JNB TXM IN PROGRESS0, 
TXMON 0 
JNB TXIrINl'ROGRESS-I, 
TXIrOlOl 
JNB TXIrINl'ROGRESS-2, 
TXI(:0!C2 
JHP HAIR_TXM 
- 


CLR TXMSTART BIT 0 
INC OATli 0 
- 
- 
HaV TXH BUF 0, 
DATA0 
HaV TXIrREC-O, 
TXMBUF 0 
HaV TXIrCOURT 0, 
,09H - 


SETS TXII IN PROGRESS0 
JHP HAl!CTXII 
- 


CLR TXMSTART BIT 1 
INC OATli 1 
- 
- 
HaV TXMBUF I, 
DATA1 
HaV TXIflIEC-I, 
TXH BUF 1 


~~B T~C~~~R6GJ~~H 
1- 


JHP HAIICTXII 
- 


CLR TXMSTART BIT 2 
INC OAT! 2 
- 
- 
HaV TXMBUF 2, 
DATA2 
HaV TXIrREC-2, 
TXH BUF 2 


~~B T~C~R~RmH2- 
JHP HAIICTXII 
- 


Determine 
if 
ready 
to 
send 


next byte. 
(Le. 
transmit 
;~y~: 
n~nfg~o~T~~s ~lag 


Clear fla9 
from previous 
tranSfllSSlon 
Load 
'SBUF' 
with 
data 
byte 


8 data 
bits 
• 1 stop 
bit 


JB TXH_START_BIT_O, TXM_BYTE_O 


CLR P3.2 
SETB TXMSTART BIT 0 
JHP TRANSMIT_l- 
- 


If start 
bit has been sent r 
continue 
transmitting- 
data bits, 
othervise 
transmit start 
bit 
Signify 
start 
bit 
sent 
Check next 
transmit 
pin 


HCS-51 
MACROASSEMBLER 


LOC 
OBJ 
LINE 


00E3 
053607 
309 
310 
00E6 
02B2 
311 
00E8 C204 
312 
313 


OOEA 0200n 
314 
315 


OOEOE535 
316 
OOEF 13 
317 
OOFO 92B2 
318 
00F2 
F535 
319 
00F4 
0200n 
320 
321 
322 
323 
324 
00F7 
300CIE 
325 
OOFA 200B07 
326 
OOFO C2B3 
327 
OOFF 0208 
328 
0101 
020118 
329 
330 
0104 
054607 
331 
332 
I\) 
0107 
0283 
333 
N 
0109 
C20C 
334 
OIOB 020118 
335 
.J>. 


336 
I\) 
OIOE E545 
337 
0110 
13 
338 
0111 
9283 
339 
0113 
F545 
340 
0115 
020118 
341 
342 
343 
344 
345 
0118 
3014IE 
346 
0118 
201307 
347 
01lE 
C2B4 
348 
0120 
0213 
349 
0122 
020139 
350 
351 
0125 
055607 
352 
353 
0128 
02B4 
354 
012A C214 
355 
012C 020139 
356 
357 


012F 
E555 
358 
0131 
13 
359 
0132 
92B4 
360 


0134 
F555 
361 


0136 
020139 
362 
363 


SOURCE 


TXM_BYTE_O: 


TXM_STOP_O: 


TxM_8YTE_I: 


hM_STOP_I: 


!XM_BYTE_2: 


TxM_STOP_2: 


OJNZ TXM_COUNT_0, 
TXM_ OATA_0 


SETB P3.2 
CLR TXM_1 N_PROGRESS_ 0 


JKp TRANSMIT_I 
:::l~~, TXM_REG_O 
KOV P3.2, 
C 


~ 
~~R~1T~1A 


JNB TXM IN PROGRESS I, 
TRANSMIT 2 


~~/~~:}TART_BIT_I, 
-TXK_BYTE_I - 


SETB TXM START BIT I 
JKP TRANSMIT_r 
- 


OJNZ TXM_COUNT_I, TXM_OATA_I 


SETB P3.3 
CLR TXM IN PROGRESS I 
JKP TRARSKIT_2 
- 


MOVA, TXK REG I 
RRC A 
-- 
KOV P3.3, 
C 
~ ~~llibA 


a bit 
count equals 
1 thru 9, 


Transmit 
data 
bits 
(8 total) 
~~a~c:~~ 
~~~~~mis~lo~rt~S1t~i:~~g 
~~~ 
t~:~~ 
~~~tn~~;n~~t~ 
pin 


Transmit one bit 
at a time 
through the carry bit 


Save 
what 
I s not 
been 
sent 
Check next 
transmit 
pin 


:::BTi~M;iMR~~~~-~kMT~~T~XF 
Similar 
to 
TRANSMIT_O 
CLR P3:4 
- 
- 
- 
- 


SETB TXM START BIT 2 
JKP TXM_EXIT 
- 
- 


OJNZ TXM_COUNT_2, TXM_OATA_2 


SETB P3.4 
CLR TXM IN PROGRESS 2 
JKP TX!Q:XTT 
- 
:::l~~, TXM_REG_2 
KOV P3.4, 
C 
MOVTXM REG 2, 
A 
JKP TXK::EXIT 


LOC 
OBJ 


0139 
C3 


01lA 
142C 
013C 
25EO 
013E 
F5EO 
0140 
1402 


0142 
35FD 
0144 
F5FD 
0146 
DODO 
0148 
DOEO 
014A 32 


LINE 


364 
365 
366 
367 
368 
369 
370 
371 
372 
373 
374 
375 
376 
377 
378 
379 
380 
381 
382 
383 
384 
385 
386 
387 
388 
389 
390 
391 
392 
393 
394 
395 
396 
397 
398 
399 
400 


REGISTER BANK(S) 
USED: 0 


014B COEO 
0140 
CODO 
014F 
30980B 
0152 
E599 
0154 
C298 
0156 
F599 
0158 
DODO 
015A ODED 
015C 
32 


0150 
C299 
015F 
DODO 
0161 
ODED 
0163 
32 


SOURCE 


TXH_EXIT: 
CLR C 
HaV A, 
'FULL 
BIT LOW 
~S ~I:A~~t~3~ 
HaV A, 
'FULL 
BIT HIGH 


ADOC A, 
CCAPJH 
- 


HaV CCAP3H, 
A 


POP PSW 
POP ACC 
RETI 


PUSH ACC 
PUSH PSW 
JNB RI, 
TXH 
HaV A, 
SBUF 
CLR RI 
HaV SBUF, A 
POP PSW 
POP ACC 
RETI 


CLR TI 
POP PSW 
POP ACC 
RETI 
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This application note illustrates the different functions 
of the Programmable Counter Array (PCA) which are 
available on the 83C51FA and 83C51FB. Included are 
cookbook samples of code in typical applications to 
simplify the use of the PCA. Since all the examples are 
written in assembly language, it is assumed the reader is 
familiar with ASM51. For further information on these 
products or ASM51 refer to the Embedded Controller 
Handbook (Vol. I). 


The major new feature on the 83C51FA and 83C51FB 
is the Programmable 
Counter Array. The PCA pro- 


vides more timing capabilities with less CPU interven- 
tion than the standard timer/counters. 
Its advantages 


include reduced software overhead and improved accu- 
racy. 


The PCA consists of a dedicated timer/counter 
which 


serves as the time base for an array of five compare/ 
capture modules. Figure I shows a block diagram of 
the PCA. Notice that the PCA timer and modules are 
all 16-bits. If an external event is associated with a 
module, that function is shared with the corresponding 
Port I pin. If the module is not using the port pin, the 
pin can still be used for standard I/O. 


Each of the five modules can be programmed in any 
one of the following modes: 
- Rising and/or Falling Edge Capture 
- Software Timer 
- High Speed Output 


- Watchdog Timer (Module 4 only) 
- Pulse Width Modulator. 


All of these modes will be discussed later in detail. 
However, let's first look at how to set up the PCA 
timer and modules. 


The timer/counter 
for the PCA is a free-running 16-bit 


timer consisting of registers CH and CL (the high and 
low bytes of the count values). It is the only timer 
which can service the PCA. The clock input can be 
selected from the following four modes: 
- oscillator frequency ..;- 12 (Mode 0) 
- oscillator frequency ..;-4 (Mode 1) 


- Timer 0 overflows (Mode 2) 
- external input on P1.2 (Mode 3) 


- 
16 BITS EACH - 


MODULE D 
Pl.3 


MODULE 1 
Pl.. 


-16BITS-- 


PCA TIMER/COUNTER 
MODULE 2 
Pl.5 


MODULE 3 
Pl.6 


MODULE. 
Pl.7 


270609-1 


inter 


The table below summarizes the various clock inputs for each mode at two common frequencies. In Mode 0, the 
clock input is simply a machine cycle count, whereas in Mode I the input is clocked three times faster. In Mode 2, 
Timer 0 overflows are counted allowing for a range of slower inputs to the timer. And finally, if the input is external 
the PCA timer counts I-to-O transitions with the maximum clock frequency equal to II. x oscillator frequency. 


Table 
1. PCA Timer/Counter 
Inputs 


PCA Timer/Counter 
Mode 
Clock 
Increments 


12 MHz 
16 MHz 


Mode 0: fosc / 12 
1,""sec 
0.75,""sec 


Mode 1: fosc /4 
330 nsec 
250 nsec 


Mode 2·: Timer 0 Overflows 
Timer 0 programmed 
in: 
a-bit mode 
256,""sec 
192,""sec 


16-bit mdoe 
65 msec 
49 msec 
a-bit auto-reload 
1 to 255 ,""sec 
0.75 to 191 ,""sec 


Mode 3: External 
Input MAX 
0.66,""sec 
0.50,""sec 


Special Function Register CMOD contains the Count Pulse Select bits (CPSI and CPSO) to specify the PCA timer 
input. This register also contains the ECF bit which enables an interrupt when the counter overflows. In addition, 
the user has the option of turning off the PCA timer during Idle Mode by setting the Counter Idle bit (CIDL). This 
can further reduce power consumption by an additional 30%. 


CMOD: 
Counter 
Mode Register 


I 
CIDL 
I 
WDTE 
I 


Address 
= OD9H 
Not Bit Addressable 


NOTE: 
The user should writeOsto unimplementedbits. These bits may be used in future MCS-51 products to invokenew features, 
and in that case the inactivevalue of the new bitwillbe O.When read, these bits must be treated as don't-cares. 


Table 2 lists the values for CMOD in the four possible timer modes with and without the overflow interrupt enabled. 
This list assumes that the PCA will be left running during Idle Mode. 


Table 
2. CMOD Values 


PCA Count 
Pulse Selected 
CMODvalue 


without 
Interrupt 
enabled 
with 
Interrupt 
enabled 


Internal clock, Fosc/12 
, 
00 H 
01 H 


Internal clock, Fosc/ 
4 
02H 
03 H 


Timer 0 overflow 
. 
04H 
OSH 


External clock at P1.2 
06H 
07H 


___________•• _•• , __ •..~ u....•... 
""&.11 •. 0.&"'''&0;, ••u 
u•.•..... 
1. 
VIi. 
Vi 
Vii. 
"lieU 
",11e::: 
C"-'1'\. 


timer overflows, the Counter Overflow bit (CF) gets set. CCON also contains the five event flags for the PCA 
modules. The purpose of these flags will be discussed in the next section. 


CCON: Counter Control Register 
I 
CF 
I 
CR 
I 


Address 
= 008H 
Bit Addressable 


CCF1 
CCFO 
---------- 


Reset Value = OOXOOOOOB 


The PCA timer registers (CH and CL) can be read and written to at any time. However, to read the fulll6-bit 
timer 
value simultaneously requires using one of the PCA modules in the capture mode and toggling a port pin in software. 
More information on reading the PCA timer is provided in the section on the Capture Mode. 


Each of the five compare/capture 
modules has a mode register called CCAPMn (n = O,1,2,3,or 4) to select which 
function it will perform. Note the ECCFn bit which enables an interrupt to occur when a module's event flag is set. 


CCAPMn: Compare/Capture 
Mode Register 


1 
1 
ECOMn 
I 
CAPPn 
1==C=A=p=N=n======M=A=T=n== 
__ T_O_G_n 
PW_M_n 
__ 
E_C_C_F_n_ 


Address 
= OOAH(n = 0) 
OOBH(n=1) 
OOCH(n=2) 
OOOH(n=3) 
OOEH (n=4) 


Table 3 lists the CCAPMn values for each different mode with and without the PCA interrupt enabled; that is, the 
interrupt is optional for all modes. However, some of the PCA modes require software servicing. For example, the 
Capture modes need an interrupt so that back-to-back events can be recognized. Also, in most applications the 
purpose of the Software Timer mode is to generate interrupts in software so it would be useless not to have the 
interrupt enabled. The PWM mode, on the other hand, does not require CPU intervention so the interrupt is 
normally not enabled. 


Module 
Function 
CCAPMn 
Value 


without 
Interrupt 
enabled 
with Interrupt 
enabled 


Capture Positive only 
20H 
21 H 


Capture Negative'only 
10H 
11 H 


Capture Pos. or Neg. 
30H 
31 H 


Software Timer 
48H 
49H 


High Speed Output 
4CH 
40H 


Watchdog Timer 
48or4C 
H 
- 


Pulse Width Modulator 
42H 
43H 


inter 


It should be mentioned that a particular module can change modes within the program. For example, a module 
might be used to sample incoming data. Initially it could be set up to capture a falling edge transition. Then the same 
module can be reconfigured as a software timer to interrupt the CPU at regular intervals and sample the pin. 


Each module also has a pair of 8-bit compare/capture 
registers (CCAPnH, CCAPnL) associated with it. These 
registers are used to store the time when a capture event occurred or when a compare event should occur. Remem- 
ber, event times are based on the free-running PCA timer (CH and CL). For the PWM mode, the high byte register 
CCAPnH controls the duty cycle of the waveform. 


When an event occurs, a flag in CCON is set for the appropriate module. This register is bit addressable so that event 
flags can be checked individually. 


CCON: Counter Control Register 


1 
CF 
1 
CR 
1===========C=C=F=4 
== __ CC_F_3 
C_C_F_2_ 


Address = 008H 
Bit Addressable 


CCF1 
CCFO 


Reset Value = OOXOOOOOB 


These five event flags plus the PCA timer overflow flag share an interrupt vector as shown below. These flags are not 
cleared when the hardware vectors to the PCA interrupt address (OO33H)so that the user can determine which event 
caused the interrupt. This also allows the user to define the priority of servicing each module. 


Cf~ 
CCfn 
~ 
PCA INTERRUPT 


5 


An additional bit was added to the Interrupt Enable (IE) register for the PCA interrupt. Similarly, a high priority bit 
was added to the Interrupt Priority (IP) register. 


IE: Interrupt Enable Register 


1 
EA 
1 
EC 
1--E-T-2-- 
ES 
ET1 
EX1 
ETO 
EXO 


Address = OA8H 
Bit Addressable 


IP: Interrupt Priority Register 


1 
1 
PPC 
1--P-T-2-- 
P_S 
PT_1 
P_X_1 
PT_0 
P_X_0 
__ 


Address = OB8H 
Bit Addressable 


Remember, each of the six possible sources for the PCA interrupt must be individually enabled as well-in 
the 
CCAPMn register for the modules and in the CCON register for the timer. 


Both positive and negative transitions can trigger a cap- 
ture with the PCA. This allows the PCA flexibility to 
measure periods, pulse widths, duty cycles, and phase 
differences on up to five separate inputs. This section 
gives examples of all these different applications. 


Figure 3 shows how the PCA handles a capture event. 
Using Module 0 for this example, the signal is input to 
Pl.3. When a transition is detected on that pin, the 16- 
bit value of the PCA timer (CH,CL) is loaded into the 
capture 
registers 
(CCAPOH,CCAPOL). 
Module 
O's 


event flag is set and an interrupt is flagged. The inter- 
rupt will then be generated if it has been properly en- 
abled. 


In the interrupt service routine, the 16-bit capture value 
must be saved in RAM before the next event capture 
occurs; a subsequent capture will write over the first 
capture value. Also, since the hardware does not clear 
the event flag, it must be cleared in software. 


The time it takes to service this interrupt routine deter- 
mines the resolution of back-to-back events with the 
same PCA module. To store two 8-bit registers and 
clear the event flag takes at least 9 machine cycles. That 
includes the call to the interrupt routine. At 12 MHz, 
this routine would take less than 
10 microseconds. 
However, depending on the frequency and interrupt la- 
tency, the resolution will vary with each application. 


To measure the pulse width of a signal, the PCA mod- 
ule must capture both rising and falling edges (see Fig- 
ure 4). The module can be programmed to capture ei- 
ther edge if it is known which edge will occur first. 
However, if this is not known, the user can select which 
edge will trigger the first capture by choosing the prop- 
er mode for the module. 


Listing I shows an example of measuring pulse widths. 
(It's assumed the incoming signal matches the one in 
Figure 4.) In the interrupt routine the first set of cap- 
ture values are stored in RAM. After the second cap- 
ture, a subtraction routine calculates the pulse width in 
units of PCA timer ticks. Note that the subtraction 
does not have to be completed in the interrupt service 
routine. Also, this example assumes that the two cap- 
ture events will occur within 2i6 counts of the PCA 
timer, i.e. rollovers of the PCA timer are not counted. 


~ 
t 
t 


CAPTURE 
1 
CAPTURE 
2 
270609-4 


Time 
(Capture 
2) - 
Time (Capture 
1) = Pulse Width 


INTERRUPT 
SERVICE 
ROUTINE 


Figure 3. PCA Capture 
Mode (Module 
0) 


2-249 


RAM locations 
to 
CAPTURE 
PULSE_WIDTH 
FLAG 


store capture 
DATA 
DATA 
BIT 
, 
ORG OOOOH 
JMP PCA_INIT 
ORG 0033H 
JMP PCA_INTERRUPT 
, 
PCA_INIT: 
MOV CMOD, #OOH 
MOV CH, #OOH 
MOV CL, #OOH 


values 
30H 
32H 
20H.0 


Initialize 
PCA timer 
Input to timer = 1/12 X Fosc 


Initialize 
Module 
0 in capture mode 


MOV CCAPMO, #21H 
Capture positive 
edge first 
for measuring 
pulse width 


SETB EC 
SETB EA 
SETB CR 
CLR FLAG 


Turn PCA timer on 
clear test flag 


This example 
assumes Module 
0 is the only PCA module 


being used. 
If other modules 
are used, 
software must 


check which module's 
event caused the interrupt. 
, 
PCA_INTERRUPT: 
CLR CCFO 
JB FLAG, 
SECOND_CAPTURE 


FIRST_CAPTURE: 
MOV CAPTURE, 
CCAPOL 
MOV CAPTURE+l, 
CCAPOH 


MOV CCAPMO, #llH 


SETB FLAG 
RETI 
; 
SECOND_CAPTURE: 
PUSH ACC 
PUSH PSW 
CLR C 
MOV A, CCAPOL 
SUBB A, CAPTURE 
MOV PULSE_WIDTH, 
A 


MOV A, CCAPOH 
SUBB A, CAPTURE+l 
MOV PULSE_WIDTH+l, 
A 


MOV CCAPMO, #21H 
CLR FLAG 
POP PSW 
POP ACC 
RETI 


Clear Module 
O's event flag 
Check if this is the first 
capture 
or second 


Save 16-bit capture value 
in RAM 
Change module 
to now capture 
falling 
edges 
Signify 
1st capture 
complete 


16-bit result 
stored in 
two a-bit RAM locations 


Optional--needed 
if user wants 
to 
measure 
next pulse width 


inter 


Measuring the period of a signal with the PCA is simi- 
lar to measuring the pulse width. The only difference 
will be the trigger source for the capture mode. In Fig- 
ure S, rising edges are captured to calculate the period. 
The code is identical to Listing 1 except that the cap- 
ture mode should not be changed in the interrupt rou- 
tine. The result of the subtraction will be the period. 


SL..JL 


~-------.j 
t 
t 


CAPTURE 
1 
CAPTURE 
2 
270609-5 


Time (Capture 
2) - 
TIme (Capture 
1) = Period 


Measuring a frequency with the PCA capture mode 
involves calculating a sample time for a known number 
of samples. In Figure 6, the time between the first cap- 
ture and the "Nth" capture equals the sample time T. 
Listing 2 shows the code for N = 10 samples. It's as- 
sumed that the sample time is less than 216 counts of 
the PCA timer. 


1.---------- 
t 
CAPTURE 
1 


T ----------.1 
t 
CAPTURE 
N 
270609-6 


Time (Capture 
N) - 
Time (Capture 
1) = T 


N 
# of Samples 
Frequency 
= - = ----- 
T 
Sample 
Time 


RAM locations 
CAPTURE 
PERIOD 
SAMPLE_COUNT 
FLAG 


to store 
DATA 
DATA 
DATA 
BIT 


capture values 
30H 
32H 
34H 
20H.0 


ORG OOOOH 
JMP PCA_INIT 
ORG 0033H 
JMP PCA_INTERRUPT 


PCA_INIT: 
Initialization 
of PCA timer, Module 
0, and interrupt 
is the 
same as in Listing 
1. Also need to initialize 
the sample 
count. 


;.....................................................................•........ 
, 
; 
Main program 
goes here 
.............................................................................. 
, 


This code assumes 
only Module 
0 is being used. 
PCA_INTERRUPT: 
CLR CCFO 
; Clear module 
O's event flag 
JB FLAG, NEXT_CAPTURE 


FIRST-CAPTURE: 
MOV CAPTURE, 
CCAPOL 
MOV CAPTURE+l, 
CCAPOH 
SETB FLAG 
RETI 


NEXT_CAPTURE: 
DJNZ SAMPLE_COUNT, 
EXIT 
PUSH ACC 
PUSH PSW 
CLR C 
MOV A, CCAPOL 
SUBB A, CAPTURE 
MOV PERIOD, A 
MOV A, CCAPOH 
SUBB A, CAPTURE+l 
MOV PERIOD+l, 
A 


MOV SAMPLE_COUNT, 
#lOD 
CLR FLAG 
POP PSW 
POP ACC 
EXIT: 
RETI 


inter 


The user may instead want to measure frequency by 
counting pulses for a known sample time. In this case, 
one module is programmed in the capture mode to 
count edges (either rising or falling), and a second mod- 
ule is programmed as a software timer to mark the 
sample time. An example of a software timer is given 
later. For information on resolution in measuring fre- 
quencies, refer to Article Reprint AR-517, "Using the 
8051 Microcontroller with Resonant Transducers," 
in 
the Embedded Controller Handbook. 


To measure the duty cycle of an incoming signal, both 
rising and falling edges need to be captured. Then the 
duty cycle must be calculated based on three capture 
values as seen in Figure 7. The same initialization rou- 
tine is used from the previous example. Only the PCA 
interrupt service routine is given in Listing 3. 


t 
t 
CAPTURE 
1 
CAPTURE 
2 
CAPTURE:3 
270609-7 
Time (Capture 2) - 
Time (Capture 1) 
pulse width 
d 
I 
-------------- 
=- ---- 
= 
uty cyc e 
Time (Capture 3) - 
Time (Capture 1) 
period 


RAM locations 


CAPTURE 
PULSE_WIDTH 
PERIOD 
FLAG_l 
FLAG_2 


to store capture 
DATA 
DATA 
DATA 
BIT 
BIT 


values 
30H 
32H 
34H 
20H.0 
20H.l 


ORG OOOOH 
JMP PCA-INIT 
ORG 0033H 
JMP PCA_INTERRUPT 


PCA_INIT: 
Initialization 
for PCA timer, module, and interrupt the same 
as in Listing 1. Capture positive edge first, then either 
edge. 
,......................................................................... 
, 
; 
Main program goes here 
......................................................................... 
, 


; This code assumes only Module 0 is being used. 
PCA-INTERRUPT: 
CLR CCFO 
Clear Module O's event flag 
JB FLAG_I, SECOND_CAPTURE 


FIRST_CAPTURE: 
MOV CAPTURE, CCAPOL 
MOV CAPTURE+l, CCAPOH 
SETB FLAG_l 
MOV CCAPMO, #3lH 
RETI 


Signify first capture complete 
Capture either edge now 


SECOND_CAPTURE: 


PUSH ACC 
PUSH PSW 
JB FLAG_2, 
THIRD_CAPTURE 


CLR C 
MOV A, CCAPOL 
SUBB A, CAPTURE 
MOV PULSE_WIDTH, 
A 


MOV A, CCAPOH 
SUBB A, CAPTURE+l 
MOV PULSE_WIDTH+l, 
A 


SETB FLAG_2 
POP PSW 
POP ACC 
RETI 


THIRD_CAPTURE: 


CLR C 
MOV A, CCAPOL 
SUBB A, CAPTURE 
MOV PERIOD, 
A 


MOV A, CCAPOH 
SUBB A, CAPTURE+l 
MOV PERIOD+l, 
A 


MOV CCAPMO, #21H 
CLR FLAG_l 
CLR FLAG_2 
POP PSW 
POP ACC 
RETI 


Calculate 
pulse width 
l6-bit 
subtract 


Calculate 
period 
l6-bit 
subtract 


Optional 
- reconfigure 
module 
to 
capture positive 
edges 
for next 
cycle 


After the third capture, a 16-bit by 16-bit divide routine 
needs to be executed. This routine is located in Appen- 
dix B. Due to its length, it's up to the user whether the 
divide routine should be completed in the interrupt rou- 
tine or be called as a subroutine from the main pro- 
gram. 


between two or more signals. For this example, two 
signals are input to Modules 0 and I as seen in Figure 
8. Both modules are programmed to capture rising edg- 
es only. Listing 4 shows the code needed to measure the 
difference between these two signals. This code does 
not assume one signal is leading or lagging the other. 


Because the PCA modules share the same time base, 
the PCA is useful for measuring the phase difference 


'00"''' :i 
CAPTURE 1 
u 
L 


MODULE 
1 
270609-8 
ASS [Time 
(Capture 
2) - 
Time (Capture 
1)] = Phase 
Difference 


inter 


RAM locations 
to 


CAPTURE_O 
CAPTURE_l 
PHASE 
FLAG_O 
FLAG_l 


store capture 
DATA 
DATA 
DATA 
BIT 
BIT 


values 
30H 
32H 
34H 
20H.0 
20H.l 


ORG OOOOH 
JMP PCA_INIT 
ORG 0033H 
JMP PCA_INTERRUPT 


PCA_INIT: 


Same initialization 
for PCA timer. and interrupt 
as 


in Listing 
1. Initialize 
two PCA modules 
as follows: 


MOV CCAPMO, #2lH 
MOV CCAPMl, #2lH 
Module 
0 capture 
rising edges 
Module 
1 same 


;....................................................................................... 
, 
; 
Main program 
goes here 
......•........................•...............•....................................... 
, 
; This code assumes 
only 


PCA_INTERRUPT: 


JB CCFO, MODULE_O 
JB CCFl, MODULE_l 


MODULE_O: 


CLR CCFO 
MOV CAPTURE_O, 
CCAPOL 


MOV CAPTURE_O+l, 
CCAPOH 


JB FLAG_I, 
CALCULATE_PHASE 


Determine 
which module's 
event caused the interrupt 


Clear Module 
O's event flag 
Save l6-bit capture value 


SETB FLAG_O 
RETI 


If capture 
complete 
on 
Module 
1, go to calculation 
Signify 
capture 
on Module 
0 


intJ 


MODULE_l: 


CLR CCF_l 
MOV CAPTURE_l. 
CCAP1L 


MOV CAPTURE_l+l. 
CCAP1H 


JB FLAG_O. 
CALCULATE_PHASE 


SETB FLAG_l 
RETI 


CALCULATE_PHASE: 
PUSH ACC 
PUSH PSW 
CLR C 


JB FLAG_O. 
MODO_LEADING 


JB FLAG_l. 
MOD1_LEADING 
\ 


MODO_LEADING: 
MOV A. CAPTURE_l 
SUBB A. CAPTURE_O 
MOV PHASE. 
A 
MOV A. CAPTURE_l+l 
SUBB A. CAPTURE_O+l 
MOV PHASE+l. 
A 
CLR FLAG_O 
JMP EXIT 


MODLLEADING: 
MOV A. CAPTURE_O 
SUBB A. CAPTURE_l 
MOV PHASE. A 
MOV A. CAPTURE_O+l 
SUBB A. CAPTURE_l+l 
MOV PHASE+l. 
A 
CLR FLAG_l 


EXIT: 
POP PSW 
POP ACC 
RETI 


If capture 
complete 
on 
Module 
0. go to calculation 
Signify 
capture 
on Module 
1 


This calculation 
does not 
have to be completed 
in the 
interrupt 
service 
routine 


inter 


Some applications may require that the PCA timer be 
read instantaneously as a real-time event. Since the tim- 
er consists of two 8-bit registers (CH,CL), it would nor- 
mally take two MaY 
instructions to read the whole 


timer. An invalid read could occur if the registers rolled 
over in the middle of the two MaYs. 


However, with the capture mode a 16-bit timer value 
can be loaded into the capture registers by toggling a 
port pin. For example, configure Module 0 to capture 
faIling edges and initialize PI.3 to be high. Then when 
the user wants to read the PCA timer, clear PI.3 and 
the full 16-bit timer value will be saved in the capture 
registers. It's still optional whether the user wants to 
generate an interrupt with the capture. 


In this mode, the 16-bit value of the PCA timer is com- 
pared with a 16-bit value pre-loaded in the module's 
compare registers. The comparison occurs three times 
per machine cycle in order to recognize the fastest pos- 
sible clock input, i.e. 'I.x oscillator frequency. When 
there is a match, one of three events can happen: 
(I) an interrupt 
- 
Software Timer mode 


(2) toggle of a port pin - 
High Speed Output mode 


(3) a reset 
- 
Watchdog Timer mode. 


In most applications a software timer is used to trigger 
interrupt routines which must occur at periodic inter- 
vals. Figure 9 shows the sequence of events for the Soft- 
ware Timer mode. The user preloads a 16-bit value in a 
module's compare registers. When a match occurs be- 
tween this compare value and the PCA timer, an event 
flag is set and an interrupt is flagged. An interrupt is 
then generated if it has been enabled. 


If necessary, a new 16-bit compare value can be loaded 
into (CCAPOH, CCAPOL) during the interrupt 
rou- 


tine. The user should 
be aware that the hardware 
tempo- 


rarily disables the comparator function 
while these regis- 


ters are being updated 
so that an invalid 
match 
will not 


occur. That is, a write to the low byte (CCAPnO) dis- 
ables the comparator while a write to the high byte 
(CCAPOH) re-enables the comparator. For this reason, 
user software 
must 
write 
to 
CCAPOL first, 
then 


CCAPOH. The user may also want to hold off any in- 
terrupts from occurring while these registers are being 
updated. This can easily be done by clearing the EA bit. 
See the code example in Listing 5. 


WATCH 


~ 


INTERRUPT 
SERVICE 
ROUTINE 


~::'~~~E_ 
i:~~:~ 
~ 


EXIT 


Figure 9. Software 
Timer Mode (Module 
0) 


2-257 


Frequency 
PCA clock input = 12 MHz 
= 1/12 x Fosc 
- 
1 Jl-sec 


Calculate 
reload value 
for compare 
registers: 


20 msec 
-------------= 20,000 
counts 


1 Jl-sec/count 


ORG OOOOH 
JMP PCA_INIT 
ORG 0033H 
JMP PCA_INTERRUPT 


PCA_INIT: 
Initialize 
PCA timer 
same 


MOV CCAPMO, #49H 
MOV CCAPOL, #LOW(200001 
MOV CCAPOH, #HIGH(20000) 


as in Listing 
1 


; Module 
0 in Software 
Timer mode 


; Write 
to low byte first 


SETB EC 
SETB EA 
SETB CR 


PCA_INTERRUPT: 
CLR CCFO 
PUSH ACC 
PUSH PSW 
CLR EA 
MOV A, #LOW(200001 
ADD A, CCAPOL 
MOV CCAPOL, A 
MOV A, #HIGH(200001 
ADDC A, CCAPOH 
MOV CCAPOH, A 
SETB EA 


Hold off interrupts 
16-Bit Add 
Next match will 
occur 
20,000 
counts later 


POP PSW 
POP ACC 
RETI 


The High Speed Output (HSO) mode toggles a port pin when a match occurs between the PCA timer and the pre- 
loaded value in the compare registers (see Figure 10). The HSO mode is more accurate than toggling pins in software 
because the toggle occurs before branching to an interrupt, i.e. interrupt latency will not effect the accuracy of the 
output. In fact, the interrupt is optional. Only if the user wants to change the time for the next toggle is it necessary 
to update the compare registers. Otherwise, the next toggle will occur when the PCA timer rolls over and matches 
the last compare value. Examples of both are shown. 


INTERRUPT 
SERVICE 
ROUTINE 


Without any CPU intervention, the fastest waveform the PCA can generate with the HSO mode is a 30.5 Hz signal 
at 16 MHz. Refer to Listing 6. By changing the PCA clock input, slower waveforms can also be generated. 


Maximum 
output with HSO mode without 
interrupts = 30.5 Hz signal 
Frequency 
= 16 MHz 


PCA clock input = 1/4 x Fosc 
--+ 
250 nsec 


MOV CMOD, #02H 
MOV CL, #OOH 
MOV CH, #OOH 
MOV CCAPMO, #4CH 
MOV CCAPOL, #OFFH 
MOV CCAPOH, #OFFH 


HSO mode without 
interrupt 
enabled 
Write to low byte first 
Pl.3 will toggle 
every 216 counts 
or 16.4 msec 
Period = 30.5 Hz 
Turn on PCA timer 


inter 


In this next example, the peA interrupt is used to change the compare value for each toggle. This way a variable 
frequency output can be generated. Listing 7 shows an output of 1 KHz at 16 Mhz. 


Listing 7. High Speed Output (With Interrupt) 
r500 )J.sec -1 
---.J 
1__ 


t 
t 
t 
t + 2000 counts 
L 


500 )J.sec 
= 2000 counts 
250 nsec/count 


ORG 
OOOOH 


JMP 
PCA_INIT 
ORG 
0033H 
JMP 
PCA_INTERRUPT 


PCA_INIT: 
MOV 
CMOD, 
#02H 
MOV 
CL, 
#OOH 
MOV 
CH, 
#OOH 
, 


MOV 
CCAPMO, 
#4DH 
MOV 
CCAPOL, 
#LOW(lOOO) 
MOV 
CCAPOH, 
#HIGH(lOOO) 
CLR 
P1.3 


Clock 
input = 250 
nsec 
at 16 MHz 


Module 
0 in HSO 
mode 
with 


PCA 
interrupt 
enabled 


t = 1000 
(arbitrary) 


SETB 
EC 
SETB 
EA 
SETB 
CR 


This 
code 
assumes 
only 
Module 
0 is being 
used. 
PCA_INTERRUPT: 
CLR 
CCFO 
PUSH 
ACC 
PUSH 
PSW 
CLR 
EA 
MOV 
A, 
#LOW(2000) 
ADD 
A, 
CCAPOL 
MOV 
CCAPOL, 
A 
MOV 
A, 
#HIGH(2000) 
ADDC 
A, 
CCAPOH 
MOV 
CCAPOH, 
A 
SETB 
EA 
POP 
PSW 
POP 
ACC 
RETI 


Hold 
off 
interrupts 
l6-bit 
add 
2000 
counts 
later, 
Pl.3 
will 
toggle 


inter 


Another option with the HSO mode is to generate a single pulse. Listing 8 shows the code for an output with a pulse 
width of 20 JA-sec.As in the previous example, the PCA interrupt will be used to change the time for the toggle. The 
first toggle will occur at time "t". After 80 counts of the PCA timer, 20 JA-secwill have expired, and the next toggle 
will occur. Then the HSO mode will be disabled. 


Listing 8. High Speed Output (Single Pulse) 
r- 20 J.'sec --j 


~ 
t 
t 
t 
t + 80 counts 


20 J.'sec 
= 80 counts 
250 nsecl count 


ORG 
OOOOH 


JIIP PCA_INIT 


ORG 
0033H 


JMP 
PCA_INTERRUPT 


PCA_INIT: 


IIOV CIIOD, #02H 


IIOV CL, 
#OOH 


IIOV CH, 
#OOH 


IIOV CCAPMO, 
#4DH 


MOV 
CCAPOL, 
#LOW(IOOoi 


MOV 
CCAPOH, 
#HIGH(IOOO) 


CLR 
PI.3 


lIodule 
0 
in 
HSO 
mode 
with 


PCA 
interrupt 
enabled 


t = 1000 
(arbitrary) 


SETB 
EC 


SETB 
EA 


SETB 
CR 


This 
code 
assumes 
only 
Module 
0 1s being 
used. 


PCA_INTERRUPT: 


CLR 
CCFO 


JNB 
PI. 3, 
DONE 


PUSH 
ACC 


PUSH 
PSW 


CLR 
EA 


IIOV A, 
#LOW(80) 


ADD 
A, 
CCAPOL 


IIOV CCAPOL, 
A 


IIOV A, 
#HIGH(80) 


ADDC 
A, 
CCAPOH 


IIOV CCAPOH, 
A 


SETB 
EA 


POP 
PSW 


POP 
ACC 


RETI 


Hold 
off 
interrupts 


16-bit 
add 


80 
counts 
later, 
PI.3 
will 
toggle 


DONE: 


IIOV CCAPIIO, 
#OOH 


RETI 


An on-board watchdog timer is available with the PCA 
to improve the reliability of the system without increas- 
ing chip count. Watchdog timers are useful for systems 
which are susceptible to noise, power glitches, or elec- 
trostatic discharge. Module 4 is the only PCA module 
which can be programmed as a watchdog. However, 
this module can still be used for other modes if the 
watchdog is not needed. 


Figure 11 shows a diagram of how the watchdog works. 
The user pre-loads a 16-bit value in the compare regis- 
ters. Just like the other compare modes, this 16-bit val- 
ue is compared to the PCA timer value. If a match is 
allowed to occur, an internal reset will be generated. 
This will not cause the RST pin to be driven high. 


In order to hold off the reset, the user has three options: 
(1) periodically change the compare value so it will 


never match the PCA timer, 
(2) periodically change the PCA timer value so it will 


never match the compare value, or 


(3) disable the watchdog by clearing the WDTE bit be- 


fore a match occurs and then re-enable it. 


The first two options are more reliable because the 
watchdog timer is never disabled as in option 
;If 3. If the 


program counter ever goes astray, a match will eventu- 
ally occur and cause an internal reset. The second op- 
tion is also not recommended if other PCA modules are 
being used. Remember, the PCA timer is the time base 
for all modules; changing the time base for other mod- 
ules would not be a good idea. Thus, in most applica- 
tions the first solution is the best option. 


Listing 9 shows the code for initializing the watchdog 
timer. Module 4 can be configured in either compare 
mode, and the WDTE bit in CMOD must also be set. 
The user's software then must periodically 
change 


(CCAP4H,CCAP4L) 
to keep a match from occurring 


with the PCA timer (CH,CL). This code is given in the 
WATCHDOG routine. 


This routine should not be part of an interrupt service 
routine. Why? Because if the program counter goes as- 
tray and gets stuck in an infinite loop, interrupts will 
still be serviced and the watchdog will keep getting re- 
set. Thus, the purpose of the watchdog would be defeat- 
ed. Instead call this subroutine from the main program 
within 216 count of the PCA timer. 


t.4ATCH 
V 


INIT_WATCHDOG: 


MOV CCAPM4, 
#4CH 


MOV CCAP4L, 
#OFFH 


MOV CCAP4H, 
#OFFH 


Module 
4 in compare mode 
Write 
to low byte first 
Before PCA timer 
counts up to 
FFFF Hex, these 
compare values 
must be changed 
Set the WDTE bit to enable the 
watchdog 
timer without 
changing 
the other bits in CMOD 


WATCHDOG: 
CLR EA 
MOV CCAP4L, 
#00 


MOV CCAP4H, 
CH 
SETB EA 
RET 


Hold off interrupts 
Next compare value 
is within 
255 counts 
of the current PCA 
timer value 


the next period of the output: that is, when CL rolls 
over from 255 to 00. This mechanism provides "glitch- 
free" writes to CCAPnH when the duty cycle of the 
output is changed. 
The PCA can generate 8-bit PWMs by comparing the 
low byte of the PCA timer (CL) with the low byte of 
the 
compare 
registers 
(CCAPnL). 
When 


CL 
< 
CCAPnL 
the 
output 
is 
low. 
When 


CL ~ CCAPnL the output is high. 


CCAPnH can contain any integer from 0 to 255, but 
Figure 13 shows a few common duty cycles and the 
corresponding values for CCAPnH. 
Note that a 0% 


duty cycle can be obtained by writing to the port pin 
directly with the CLR bit instruction. To calculate the 
CCAPnH value for a given duty cycle, use the follow- 
ing equation: 


To control the duty cycle of the output, the user actual- 
ly loads a value into the high byte CCAPnH (see Figure 
12). Since a write to this register is asynchronous, a new 
value is not shifted into CCAPnL for comparison until 


where CCAPnH is an 8-bit integer and Duty Cycle is 
expressed as a fraction. 


inter 


DUTY 
CYCLE 
CCAPnH 
OUTPUT 
WAVEfORM 


100:7- 
00 


90:7- 
25 


50:7- 
128 


10:7- 
230 


0.4:7- 
255 


0:7- 
CLR 
P1.X 


Figure 13. CCAPnH 
Varies Duty Cycle 


Table 4. PWM Frequencies. 


PCA Timer Mode 
PWM Frequency 


12 MHz 
16 MHz 
. 


1/12 Osc. Frequency 
3.9 KHz 
5.2 KHz 
% Osc. Frequency 
11.8 KHz 
15.6 KHz 


Timer 0 Overflow: 
8-bit 
15.5 Hz 
20.3 Hz 
16-bit 
0.06 Hz 
0.08 Hz 
8-bit Auto-Reload 
, 
3.9 KHz to 15.3 Hz 
5.2 KHz to 20.3 Hz 


External 
Input (Max) 
5.9 KHz 
7.8 KHz 


inter 


INIT-PWM: 
MOV CMOD. #02H 
MOV CL. #OOH 
MOV CH. #OOH 
MOV CCAPMO. 
#42H 


MOV CCAPOL. 
#OOH 


MOV CCAPOH. 
#128D 


Clock input = 250 nsec at 16 MHz 
Frequency 
of output = 15.6 KHz 


The frequency of the PWM output will depend on 
which of the four inputs is chosen for the PCA timer. 
The maximum frequency is 15.6 KHz at 16 MHz. Re- 
fer to Table 4 for a summary of the different PWM 
frequencies possible with the PCA. 


Listing 10shows how to initialize Module 0 for a PWM 
signal at 50% duty cycle. Notice that no PCA interrupt 
is needed to generate the PWM (i.e no software over- 
head!). To create a PWM output on the 8051 requires a 
hardware timer plus software overhead to toggle the 
port pin. The advantage of the PCA is obvious, not to 
mention it can support up to 5 PWM outputs with just 
one chip. 


This list of examples with the PCA is by no means 
exhaustive. However, the advantages of the PCA can 
easily be seen from the given applications. For example, 
the PCA can provide better resolution than Timers 0, I 
and 2 because the PCA clock rate can be three times 
faster. The PCA can also perform many tasks that 
these hardware timers can not, i.e. measure phase dif- 
ferences between signals or generate PWMs. In a sense, 
the PCA provides the user with five more timer/coun- 
ters 
in 
addition 
to 
Timers 
0, 
I 
and 
2 on 
the 


8XC5IFA/FB. 


Appendix A includes test routines for all the software 
examples in this application note. The divide routine 
for calculating duty cycles is in Appendix B. And [mal- 
ly, Appendix C is a table of the Special Function Regis- 
ters for the 8XC5IFA/FB 
with the new or modified 


registers boldfaced. 


inter 


APPENDIX 
A 
TEST ROUTINES 


$nom0d51 
$nOlYlllbola 
$nollat 
$Include (reg252.pdf) 
$lIat 


Varlablea 


CAPTURE 
PULSE_WIDTH 
FLAG 


DATA 
DATA 
BIT 
. 
ORGOOOOH 
JMP PCA_INIT 
. 
ORGOO33H 
JMP PCA_INTERRUPT 


; 
Initialize PCA timer 


PCA_INIT: 
MOV CMOD. IOOH 
MOVCH.IOO 
MOVCL,IOO 


Initialize Module 0 In capture mode 
MOV CCAPMO.~1H 


MOV CCAPOH. 100 
MOV CCAPOL, 100 


SETBEC 
SETBEA 
SETBCR 
CLRFLAG 


30H 
32H 
2OH.O 


,;- 
_.....•...•...._ 
. 


Teat program only 


Thla code aasumea Module 0 Ie the only module being uaed. II 
other PCA module'a are being uaed, aoftware muat check which 
module'a event flag ceuaed the Interrupt. 


PeA_INTERRUPT: 


CLRCCFO 
JB FLAG. SECOND_CAPTURE 
, 
FIRST_CAPTURE: 


MOV CAPTURE. CCAPOL 
MOV CAPTURE+1. CCAPOH 


inter 


MOY CCAPMO,'11H 


SETB FLAG 
RETI 
, 
SECOND CAPTURE: 
- 
PUSHACC 
PUSHPSW 
CLRC 
MOY A, CCAPOL 
SUBB A, CAPTURE 
MOY PULSE_WIDTH, A 
MOY A, CCAPOH 
SUBB A, CAPTURE.1 
MOY PULSE_WIDTH.1, A 


MOY CCAPMO,121H 
CLR FLAG 
POPPSW 
POPACC 
RETI 


Change module to now capture 
failing edges 
Signify first capture complete 


inter 


, 
$nom0d51 
$nosymbols 
$nollst 
$Include (reg252.pdl) 
$lIst 


CAPTURE 
PERIOD 
FLAG 


DATA 
DATA 
BIT 


30H 
32H 
2OH.O 
, 
ORGOOOOH 
JMP PCA_INIT 
, 
ORGOO33H 
JMP PeA_INTERRUPT 


Initialize PeA timer 


PeA_INIT: 
MOV CMOD, IOOH 
MOVCH,tOOH 
MOVCL,IOO 


Initialize Module 0 In capture mode 
MOV CCAPMO,121H 


MOV CCAPOH,IOO 
MOV CCAPOL, tOO 


SETB EC 
SETB EA 
SETBCR 
CLRFLAG 
; Turn PeA timer on 
; Cleartest 
flag 


,; 
"' 
-.._.......•.................................................... 


Test program only 


This code assumes only Module 0 Is being used. If other modules 
are being used, software must check which module's flag caused 
the Interrupt. 
, 
PeA 
INTERRUPT: 


- 
CLRCCFO 
JBFLAG,SECOND_CAPTURE 


, 
FIRST CAPTURE: 
. 


- 
MOV CAPTURE, CCAPOL 
MOV CAPTURE+1, CCAPOH 


intJ 


SETBFLAG 
REn 


SECOND_CAPTURE: 
PUSHACC 
PUSHPSW 
CLRC 
MOV A, CCAPOL 
SUBB A, CAPTURE 
MOV PERIOD, A 
MOV A, CCAPOH 
SUBB A, CAPTURE.1 
MOV PERIOD.1, A 


CLRFLAG 
POPPSW 
POPACC 
REn 


inter 


$nomod51 
$nosymbols 
$noll51 
$include (reg252.pdf) 
$1151 


CAPTURE 
PERIOD 
SAMPLE 
COUNT 
FLAG 
- 


DATA 
DATA 
DATA 
BIT 


, 
ORGDOOOH 
JMP PCA_INIT 
, 
ORGOO33H 
JMP PCA_INTERRUPT 


; 
Inltlallz. 
PCA timer 
PCA INIT: 
MOV CMOD,IOOH 
- 
MOVCH,.oo 
MOVCL,.oo 


Initialize Modul. 0 In capture mod. 
MOV CCAPMO,121H 


MOV CCAPOH,.00 
MOV CCAPOL, .00 


MOV SAMPLE_COUNT, '100 


SETBEC 
SETBEA 
SETBCR 
CLRFLI\G 


30H 
32H 
34H 
2OH.0 


, 
PCA INTERRUPT: 
- 
CLRCCFO 
JB FLAG, NEXT_CAPTURE 


FIRST CAPTURE: 
- 
MOY CAPTURE, CCAPOL 
MOY CAPTURE+1, CCAPOH 
SETBFLAG 
RETI 
, 
NEXT CAPTURE: 
- 
DJNZ SAMPLE_COUNT, EXIT 
PUSHACC 
PUSHPSW 
CLRC 
MOY A, CCAPOL 
SUBB A, CAPTURE 
MOY PERIOD, A 
MOY A, CCAPOH 
SUBB A, CAPTURE+1 
MOY PERIOD+1, A 


MOY SAMPLE_COUNT, .100 
CLRFLAG 
POPPSW 
POPACC 
RETI 


inter 


, 
$nomod51 
$nosymboll 
$nollst 
$Include (reg252.pdf) 
$lIst 


, 
CAPTURE 
PULSE WIDTH 
PERIOD 


FLAG 1 
FLAG=2 


ORGOOOOH 
JMP PCA_INIT 


ORGOO33H 
JMP PCA_INTERRUPT 


Inltllllze 
PCA timer 
PCA_INIT: 
MOV CMOD, IOOH 
MOVCH,IOO 
MOVCL,IOO 


DATA 
DATA 
DATA 


Initialize Module 0 In capture mode 
MOV CCAPMlI, 121H 


MOV CCAPOH,100 
MOV CCAPOL, 100 


CLRFLAG 
1 


CLR FLAG=2 


SETBEC 
SETBEA 
SETBCR 


30H 
32H 
34H 


2OH.O 
2OH.1 


,; 
. 


Tnt 
program only 


, 
PCA_INTERRUPT: 


CLRCCFO 
JB FLAG_1, SECOND_CAPTURE 


inter 


FIRST CAPTURE: 
- 
MOV CAPTURE, CCAPOL 
MOV CAPTURE.1, CCAPOH 
SETBFLAG_1 
MOV CCAPMO,t31H 
RETl 


SeCOND CAPTURE: 


- 
PUSHACC 
PUSHPSW 
JB FLAG_2, THIRD_CAPTURE 
CLRC 
MOV A, CCAPOL 
SUBB A, CAPTURE 
MOV PULSE_WIDTH, A 
MOV A, CCAPOH 
SUBB A, CAPTURE.1 
MOV PULSE_WIDTH.1, 
A 


SETBFLAG_2 
POPPSW 
POPACC 
RETl 


THIRD CAPTURE: 
- 
CLRC 
MOV A, CCAPOL 
SUBB A, CAPTURE 
MOV PERIOD, A 
MOV A, CCAPOH 
SUBB A, CAPTURE.1 
MOV PERIOD.1, A 


MOV CCAPMO,r.!1H 
CLRFLAG_1 
CLRFLAG_2 
POPPSW 
POPACC 
RETl 


; Signify first captUnI complete 
; CeptUnI either edge now 


; Optlona'- reconflgunI 
module to 
; captUnI poaillve edgea for 
; next cycle 


, 
$nom0d51 
$nosymbola 
$nollst 
$Include (reg252.pdl) 
$lIst 


, 
CAPTURE_O 
CAPTURE_1 
PHASE 


DATA 
DATA 
DATA 


BIT 
BIT 
, 
ORGOOOOH 
JMP PCA_INIT 
, 
ORGOO33H 
JMP PCA_INTERRUPT 


; 
Initialize PCA timer 
PCA_INIT: 
MOV CMOD, IOOH 
MOVCH,4IOO 
MOVCL, 4100 


Initialize Modulea 0 & 1 In capture mode 
MOV CCAPMO,121H 


MOV CCAPOH, 4100 
MOV CCAPOl, 4100 


MOV CCAPM1,121H 
MOV CCAP1H, 4100 
MOV CCAP1L, 4100 


MOV RO,toFFH 
MOV R1, toFFH 


ClRFLAG_O 
ClRFLAG_1 


SETBEC 
SETBEA 
SETBCR 


; Enable PCA Interrupt 


; Turn PCA timer on 


inter 


Teat program only 


CALL TOG1 
CALLDELAY2 
CALL TOG2 
JMPMAIN 


CPL P1.6 
CALLDELAY1 
RET 


CPL P1.5 
CALLDELAY1 
RET 


PCA INTERRUPT: 
- 
JB CCFO, MODULE_O 
JB CCF1, MODULE_1 


CLRCCFO 
MOV CAPTURE_O, CCAPOL 
MOV CAPTURE_O+1, CCAPOH 
JB FLAG_1, CALCULATE_PHASE 


SETB FLAG_O 
RETl 


CLRCCF1 
MOV CAPTURE_1, CCAP1L 
MOV CAPTURE_1+1, CCAP1H 
JB FLAG_O, CALCULATE_PHASE 


SETB FLAG_1 
RETl 


CALCULATE 
PHASE: 
- PUSHACC 
PUSHPSW 
CLRC 


JB FLAG_O, MODO_LEADING 


; If capture Is complete on Module 1, 
; go to calculation 
; Signify capture complete on 
; Module ° 


; II capture Is complete on Module 0, 
; go to calculation 
; Signify capture complete 
; Module 1 


; This calculation 
does not have to 
; be completed in the interrupt 
; service routine 


intJ 


, 
MODO LEADING: 


- 
MOY A, CAPTURE_l 
SUBB A, CAPTURE_O 
MOYPHASE,A 
MOY A, CAPTURE_1.1 
SUBB A, CAPTURE_0+1 
MOY PHASE.1, A 
CLRFLAG_O 
JMPEXIT 


MOD1_LEADING: 


MOY A, CAPTURE_O 
SUBB A, CAPTURE_1 
MOYPHASE,A 
MOY A, CAPTURE_0+1 
SUBB A, CAPTURE 1.1 
MOY PHASE.1, A - 
CLRFLAG_1 


POPPSW 
POPACC 
RETl 


inter 


$nomod51 
$nosymbols 
$nollst 
$Include (reg252.pdf) 
$list 


, 
ORGOOOOH 
JMP PCA INIT 
ORG0033H 
JMP PCA_INTERRUPT 


Initialize PCA timer 
PCA_INIT: 
MOV CMOD,IOOH 
MOVCH,IOO 
MOVCL,tOO 


MOV CCAPMO, '49H 
MOV CCAPOL, 'LOW(2ooo0) 
MOV CCAPOH, IHIGH(20000) 


SETB EC 
SETBEA 
SETBCR 


This code essumes Module 0 Is the only module being used. 
If 
other PCA module's are being used, soltware must check which 
module's event flag caused the Interrupt. 
, 
PCA INTERRUPT: 
- 
CLRCCFO 
PUSHACC 
PUSHPSW 
CLR EA 
MOV A, 'LOW(2ooo0) 
ADD A, CCAPOL 
MOV CCAPOL, A 
MOV A, IHIGH(20000) 
ADDC A, CCAPOH 
MOV CCAPOH, A 
SETB EA 
POPPSW 
POPACC 
RETI 


; Hold off Interrupts 
; 16-bit add 
; Next match will occur 20,000 
; counts later 


inter 


$ncmod51 


osymbols 


$nollst 
$Include (reg252.pdf) 
$lIst 


, 
ORGOOOOH 
JMP PCA_INIT 


; 
Initialize PeA timer 
PCA_INIT: 
MOV CMOD,I02H 
MOVCH,IOO 
MOV CL, 100 


MOV CCAPMO, l¥4CH 
MOV CCAPOL, IOFFH 
MOV CCAPOH,IOFFH 


HSO Mode without interrupt enabled 
Write to low byte first 
P1.3 will toggle every 65,536 counts 
or 16.4 msec at Fosc = 16 MHz 
Period = 30.5 Hz 
Turn PCA timer on 


inter 


$nomod51 
$noaymbola 
$nollat 
$Include (reg252.pdf) 
$lIst 


, 
ORGOOOOH 
JMP PeA_INIT 
, 
ORGOO33H 
JMP PeA_INTERRUPT 


Initialize PCA timer 


PeA_INIT: 
MOV CMOD, 102H 
MOVCH,IOO 
MOVCL,IOO 


MOV CCAPMO,I4DH 
MOV CCAPOL, 'LOW(l000) 
MOV CCAPOH, tHIGH(1000) 
CLR PU 


SETBEC 
SETBEA 
SETBCR 


; HSO mode with InterRipt enabled 
; t "' 1000 srbltrary 


,; 
_.....................................•..... --.. 
_ 
. 


Test program only 


This code sasumes Module 0 Is the only module being used. II 
other PeA module's sre being used. softwsre must check which 
module's event nag caused the Interrupt. 
, 
PeA 
INTERRUPT: 
- 
CLRCCFO 
PUSHACC 
PUSHPSW 
CLR EA 
MOV A, 'LOW(2000) 
ADD A, CCAPOL 
MaV CCAPOL, A 
MOV A, tHIGH(2000) 
ADDC A, CCAPOH 
MOV CCAPOH, A 


SETBEA 
POPPSW 
POPACC 
RETI 


; Hold olllnterRipts 
; 16-b1tadd 
; 2000 counts later P1.3 
; will toggle 


intJ 


$nomod51 
$nosymbols 
$nollst 
$Include (reg252.pdl) 
$lIst 


ORGOOOOH 
JMP PCA_INIT 


ORGOO33H 
JMP PCA_INTERRUPT 


; 
Initialize PCA timer 
PCA_INIT: 
MOV CMOD, fI02H 
MOVCH,toO 
MOV CL, toO 


MOV CCAPMO,I4DH 
MOV CCAPOL, 'LOW(1000) 
MOV CCAPOH,IHIGH(1000) 
CLR P1.3 


SETB EC 
SETBEA 
SETBCR 


This code assumes Module 0 Is the only module being used. 
If 
other PCA module' •• re being used, aoftware must chack which 
module'a event IIag caused the Interrupt. 


PCA INTERRUPT: 
- 
CLRCCFO 
JNB P1.3, DONE 


PUSHACC 
PUSHPSW 
CLR EA 
MOV A, 'LOW(80) 
ADD A, CCAPOL 
MOV CCAPOL, A 
MOV A,IHIGH(80) 


ADDC A, CCAPOH 
MOV CCAPOH, A 
SETBEA 
POPPSW 
POPACC 
RETl 
\ 


; Hold oil interrupts 
; 16-bh add 
; 80 counts later Pl.3 
; will toggle 


$nomod51 
$nosymbols 
$nollst 
$Include (reg252.pdf) 
$lIst 


, 
ORGDOOOH 
JMP PCA_INIT 


Initialize PCA timer 


PCA INIT: 
MOV CMOD, IOOH 


- 
MOVCH,I00 
MOV CL, 100 


MOV CCAPM4, I4CH 
MOV CCAP4L, IOFFH 
MOV CCAP4H.IOFFH 


ORL CMOD, I40H 


SETBCR 


; Module 4 In compare mode 
; Write to low byte first 
; Before PCA timer counts up to FFFF Hex, 
; these compare values must be changed 
; Selthe 
WDTE bit to enable watchdog 
timer 


; Turn PCA IImer on 


MOV R1, '1200 
MOV RO,IOFFH 


DJNZ RO,$ 
DJNZ R1, MAIN 
CALL WATCHDOG 
JMPSTART 


CLR EA 
MOV CCAP4L, IOOH 
MOV CCAP4H, CH 
SETB EA 
RET 


; Hold off Interrupts 
; Next compare value Is within 
; 255 counts of the current PCA 
; IImervalue 


$nomod51 
$nosymbols 
$nollst 
$Include (reg252.pcIf) 
$lIst 


; 
In"lelize 
PeA timer 


PeA 
INIT: 
MOV CMOD, to2H 


- 
MOV CH, flOC) 
MOV Cl, flOC) 


MOV CCAPMO,t42H 
MOV CCAPOl, IOOH 
MOV CCAPOH,'1280 
SETSCR 


PWMMode 
W~eto 
low byte first 
50 percent duty cycle 
Turn PeA timer on 


inter 


APPENDIX 
B 
Duty Cycle Calculation 


$DEBUG 


SHORT_DIVISION SEGMENT CODE 


EXTRN DATA(PULSE_WlDTH, PERIOD, DUTY_CYCLE) 
PUBLIC DUTY_CYCLE_CALCULATION 


RSEG SHORT_DIVISION 


DUTY_CYCLE_CALCULATION 


CALCULATES 
DUTY_CYCLE = PULSE_WIDTH I PERIOD 


Inputs to this routine are 16-blt pulse width and period measurements 
of 


a rectangular 
wavefonn. 
The output Is a 9-blt BCD number representing 


the duty cycle of the waveform. 
The low 8 bits of the result are 


returned In DUTY_CYCLE. The 9th bit Is the csrry bit In the PSW. If the 
duty cycle Is between 0 and 99 pereent, the carry bit Is 0 and DUTY_CYCLE 
contelns the two BCD digits representing 
the duty cycle as a percent. 


If the duty cycle Is 100 pereent, the carry bit Is 1 and DUTY_CYCLE 
contains 
o. 


INPUTS: PULSE_WIDTH 
2 bytes In externally defined DATA 


(low byte at PULSE_WIDTH, high byte at PULSE_WIDTH+1) 


VARIABLES AND REGISTERS MODIFIED: 


PULSE_WIDTH, DUTY_CYCLE 
ACC, B, PSW, R2, R3 


DUTY CYCLE CALCULATION: 
- MOV 
- A,PERIOD+ 1 
CJNE 
A,PULSE_WIDTH+1,NOT_EOUAL 


MOV 
A,PERIOD 
CJNE 
A,PULSE_WIDTH,NOT_EOUAL 


inter 


EQUAL: 


SETB 
MOV 
ClR 
RET 


NOT EQUAL: 
- 
JNC 
CONTINUE 
SETB 
OV 
RET 


CONTINUE: 


MOV 
R2,.a 
MOV 
DUTY_CYClE,1O 
MOV 
R3,1O 


TIMES TWO: 
-MOV 
RlC 
MOV 
MOV 
RlC 
MOV 
MOV 
RlC 
MOV 
COMPARE: 


CJNE 
MOV 
CJNE 
MOV 
CJNE 
DONE: 
CPl 


A,PUlSE_WIDTH 
A 
PUlSE_ WIDTH,A 
A,PUlSE_ WIDTH+1 
A 
PUlSE_WIDTH+1,A 
A,R3 
A 
R3,A 


R3,IO,DONE 
A,PUlSE_ WIDTH+1 
A,PERIOD+ 1,DONE 
A,PUlSE_WIDTH 
A,PERIOD,DONE 


BUilD 
DUTY CYCLE: 


-MOV - A,DUTY_CYClE 
RlC 
A 
MOV 
DUTY_CYClE,A 
JNB 
ACC.a,lOOp 
CONTROL 
SUBTRACT: 
- 
MOV 
A,PUlSE_WIDTH 
SUBB 
A,PERIOD 
MOV 
PUlSE_WIDTH,A 
MOV 
A,PUlSE_WIDTH+1 
SUBB 
A,PERIOD+1 
MOV 
PUlSE_WIDTH+1,A 
MOV 
A,R3 
SUBB 
A,IO 
MOV 
R3,A 
lOOP 
CONTROL: 
-DJNZ 
R2,TIMES_TWO 


• 
'''''r'''::::III.I''~_I'lYV; 


MOV 
A,PULSE_WIDTH 
RLC 
A 
MOV 
PULSE_WIDTH,A 
MOV 
A,PULSE_WIDTH+l 
RLC 
A 
MOV 
PULSE_WIDTH+l,A 
MOV 
A,R3 
RLC 
A 
MOV 
R3,A 
FINAL COMPARE: 
- CJNE 
R3,IO,FINAL DONE 
MOV 
A,PULSE_WiDTH+l 
CJNE 
A,PERIOD+l,FINAL DONE 
MOV 
A,PULSE_WIDTH - 
CJNE 
A,PERIOD,FINAL_DONE 
FINAL DONE: 
- JC 
CONVERT TO BCD 
MOV 
A,DUTY_CYCLE 
ADD 
A,Il 
MOV 
DUTY_CYCLE,A 
JNC 
CONVERT TO BCD 
CLROV 
-- 
RET 


CONVERT TO BCD: 
MOV -A,DUTY CYCLE 
MOV 
B,Il0 
- 
MUL 
AB 
XCH 
A,B 
SWAP A 
MOV 
DUTY_CYCLE,A 
MOV 
A,Il0 
MUL 
AB 
XCH 
A,B 
ORL 
DUTY_CYCLE,A 
MOV 
A,Il0 
MUL 
AB 
MOV 
A,B 
CJNE 
A,IS,TEST 
TEST: JBC 
CY,OUT 
MOV 
A,DUTY CYCLE 
ADD 
A,Il 
- 
DA 
A 
MOV 
DUTY_CYCLE,A 
OUT: 
RET 


END 


inter 


A map of the Special Function Register (SFR) space is 
shown in Table AI. Those registers which are new or 
have new bits added for the 83C5lFA and 83C51FB 
have been boldfaced. 


Read accesses to these addresses will in general return 
random data, and write accesses will have no effect. 


Note that not all of the addresses are occupied. Unoc- 
cupied addresses are not implemented on the chip. 


User software should not write Is to these unimple- 
mented locations, since they may be used in future 8051 
family products to invoke new features. In that case the 
reset or inactive values of the new bits will always be 0, 
and their active values will be I. 


CH 
CCAPOH 
CCAP1H 
CCAP2H 
CCAP3H 
CCAP4H 
00000000 
XXXXXXXX 
XXXXXXXX 
XXXXXXXX 
XXXXXXXX 
XXXXXXXX 


• B 
00000000 


CL 
CCAPOL 
CCAP1L 
CCAP2L 
CCAP3L 
CCAP4L 


00000000 
XXXXXXXX 
XXXXXXXX 
XXXXXXXX 
XXXXXXXX 
xxxxxxxx 


• ACC 
00000000 


CCON 
CMOD 
CCAPMO 
CCAPM1 
CCAPM2 
CCAPM3 
CCAPM4 
OOXOOOOO OOXXXOOO 
XOOOOOOO 
XOOOOOOO 
XOOOOOOO 
XOOOOOOO 
XOOOOOOO 


• PSW 
00000000 


T2CON 
T2MOD 
RCAP2L 
RCAP2H 
TL2 
TH2 


00000000 
XXXXXXXO 
00000000 
00000000 
00000000 
00000000 


•IP 
SADEN 
XOOOOOOO 00000000 


• P3 
11111111 
·IE 
SADDR 
00000000 
00000000 


• P2 
11111111 


• SCON 
• SBUF 
00000000 
XXXXXXXX 


• P1 
11111111 


• TCON 
·TMOD 
• TLO 
• TL1 
• THO 
• TH1 


00000000 
00000000 
00000000 
00000000 
00000000 
00000000 


• PO 
• SP 
·DPL 
·DPH 
·PCON •• 


11111111 
00000111 
00000000 
00000000 
ooxxoooo 


• = Found 
in the 8051 
core 
(See 8051 
Hardware 
Description 
in the Embedded 
Controller 
Handbook 
for explanations 
of 


these 
SFRs) . 
•• 
= See description 
of PCON SFR. Bit PCONA 
is not affected 
by reset. 


X = Undefined. 
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This application note shows how an 83C.5IFA. c.an be 
used to efficiently control DC motors with minimum 
hardware requirements. It also discusses software im- 
plementation and presents helpful techniques as well as 
sample code needed to realize precision control of a 
motor. 


There is also a brief overview of the new features of the 
83C51FA. This new feature is called the Programmable 
Counter 
Array 
(PCA) and is capable of delivering 


Pulse Width Modulated signals (PWM) through desig- 
nated I/O pins. 


It is assumed that the reader is familiar with the MCS- 
51 architecture and its assembly language. For more 
information about the 8051 architecture and the PCA 
refer to the Embedded Controller Handbook Volume I 
(order no. 210918-006). 


This document will not discuss stepper motors or mo- 
tor control algorithms. 


DC motors are widely used in industrial and consumer 
applications. 
In 
many 
cases, absolute 
precision in 


movement is not an issue, but precise speed control IS. 
For example, a DC motor in a cassette player is expect- 
ed to run at a constant speed. It does not have to run 
for precise increments which are fractions of a turn and 
stop exactly at a certain point. 


However, some motor applications do require precise 
positioning. 
Examples 
are high 
resolution 
plotters, 


printers, disk drives, robotics, etc. Stepper motors are 
frequently used in those applications. There are also 
applications which require precise speed control along 
with some position accuracy. Video recorders, compact 
disk drives, high quality cassette recorders are examples 
of this category. 


By controlling DC motors accurately, they can overlap 
many applications of stepper motors. The cost of the 
control system depends on the accuracy of the encoder 
and the speed of the processor. 


The 83C51FA can control a DC motor accurately with 
minimum hardware at a very low cost. The microcon- 
troller, as the brain of a system, can digitally control 
the angular velocity of the motor, by monitoring the 
feedback lines and driving the output lines. In addition 
it can perform other tasks which may be needed in the 
application. 


Almost every application that uses a DC motor re- 
quires it to reverse its direction of rotation or vary its 
speed. Reversing the direction is simply done by chang- 


ing the polarity of the voltage ap~lied to the ~otor. 
Figure I shows a simplified symbohc representatIOn ~f 
a driver circuit which is capable of reversing the polan- 
ty of the input to the motor. 


Figure 1. Reversible 
Motor Driver Circuit 


Varying the speed requires changing the voltage level of 
the input to the motor, and that means changing the 
input level to the motor driver. In a digitally-controlled 
system, the analog signal to the driver must come from 
some form of D/ A converter. But adding a D/ A con- 
verter to the circuit adds to the chip count, which 
means more cost, higher power consumption, and re- 
duced reliability of the system. 


The other alternative is to vary the pulse width of a 
digital signal input to the motor. By varying the pulse 
width the average voltage delivered to the motor chang- 
es and so does the speed of the motor. A digital circuit 
that 
does this is called a Pulse Width 
Modulator 


(PWM). The 83C51FA can be configured to have up to 
5 on-board pulse width modulators. 


The 83C51FA is an 8-bit microcontroller based on the 
8051 architecture. 
It is an enhanced version of the 


87C51 and incorporates many new features including 
the Programmable Counter Array (PCA). 


Included in the Programmable Counter Array is a 16- 
bit free running timer and 5 separate modules. 


The PCA timer has two 8-bit registers called CL (low 
byte) and CH (high byte), and is shared by all modules. 
It can be programmed to take input from four different 
sources. The inputs provide flexibility in choosing the 
count rate of the timer. The maximum count rate is 4 
MHz ('I. of the oscillator frequency). 


Some of the port I pins are used to interface each mod- 
ule and the timer to the outside world. When the port 
pins are not used by the PCA modules, they may be 
used as regular I/O pins. 


The modules of the PCA can be programmed to per- 
form in one of the following modes: capture mode, 
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compare mode, high speed output mode, pulse width 
modulator (PWM) mode, or watchdog timer mode 
(only module 4). 


Every module has an 
8-bit mode register called 


CCAPMn (Figure 2), and a 16-bit compare/capture 
register called CCAPnL & CCAPnH, where n can be 
any value from 0 to 4 inclusive.By setting the appropri- 
ate bits in the mode register you can program each 
module to operate in one of the aforementioned modes. 


CCAPMn 


ECOMn- 
Enables the comparator function. Must 
be set for functions which require com- 
paring of the compare/capture registers 
with the l6-bit timer, i.e., software tim- 
er, high-speed output, watchdog timer, 
and PWM. 


CAPPn - 
Capture on positive edge of signal. 


CAPNn - 
Capture on negative edge of signal. 


MATn 
- 
Find a match between the capture/ 
compare and 16-bit timer. 


TOGn 
- 
Toggle I/O pin upon a match between 
capture/compare 
registers and 16-bit 


timer. 


PWMn - 
Generate PWM on I/O 
pin upon a 
match between the low byte of capture/ 
compare and the low byte of PCA tim- 
er. 


ECCFn - 
Enables compare/capture flag CCFn in 
the CCON register to generate an inter- 
rupt. 


Figure 2. CCAPMn 
Register 


When a module is programmed in capture mode, an 
external signal on the corresponding port pin will cause 
a capture of the current value of the 16-bit timer. By 
setting bits CAPPn or CAPNn or both, the module can 
be programmed to capture on the rising edge, falling, 
edge, or either edge of the signal. If enabled, an inter- 
rupt is generated at the time of capture. 


When module is to perform in one of the compare 
modes (software timer, high speed output, watch dog 
timer, PWM), the user loads the capture/compare reg- 
isters with a calculated value, which is compared to the 
contents of the 16-bit timer, and causes an event as 
soon as the values match. It can also generate an inter- 
rupt. 


PWM is one of the compare modes and is the only one 
which uses only 8 bits of the capture/compare register. 
The user writes a value (0 to FFH) into the high byte 
(CCAPnH) of the selected module. This value is trans- 
ferred into the lower byte of the same module and is 
compared to the low byte of the PCA timer. While CL 
< CCAPnL the output on the corresponding pin is a 
logic O.When CL > CCAPnL, the output is a logic 1. 


In this application note we will see how a module can 
be programmed to perform as a PWM to control the 
speed and direction of a DC motor. 


The 83C51FA has several Special Function Registers 
(SFRs) that are unknown to ASM51 versions before 
2.4. The names of these SFRs must be defined by 
DATA directive or be defined in a separate file and be 
included at the time of compilation. Such a file has 
already been created and is included in the ASM5l 
package version 2.4. 


Two specialfunction registers are dedicated to the PCA 
timer to allow mode selection and control of the timer. 
These registers are CCON and CMOD and are shown 
in figure 3. CCON contains the PCA timer ON/OFF 
bit (CR), timer rollover flag (CF) and module flags 
(CCFn). Module flags are used to determine which 
module causes the PCA interrupt. 


CCF4 
CCF3 
CCF2 
CCFl I CCFO I 


Reset Value - 
ooxoסס oo B 


o 


CPS, 
CPSO 
ECF 


First the clock source for the PCA timer must be de- 
fined. The 16bit timer may have one offour sources for 
its input. These sources are: osc freq/4, osc freq/12, 
timer 0 overflow, and external clock. 


Two bits in the CMOD register are dedicated to select- 
ing one of the sources for the PCA timer input. They 
are bits 1 and 2 of CMOD which are called CPSOand 
CPS1. CMOD is not bit addressable, thus the value 
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must be loaded as a byte. Figure 4 shows an the sources 
and the corresponding values of CPSO and CPS I. 


CPS1 
CPSO 
TIMER 
INPUT SOURCE 


0 
0 
Internal clock, Fosc/12 


0 
1 
Internal clock, Fosc/4 


1 
0 
Timer 0 overflow 


1 
1 
External clock (input on P1.2) 


Next the appropriate module must be programmed as a 
PWM. As it was noted earlier, the 8-bit mode register 
for each module is caned CCAPMn (see figure 2). Bit I 
of each register is caned PWMn. This bit along with 
ECOMn (bit 6 of the same register) must be set to pro- 
gram the module in the PWM mode. PWM is one of 
the compare functions of the PCA, and ECOMn en- 
ables the compare function. Thus, the hex value that 
must be loaded into the appropriate CCAPMn register 
is 42H. 


Now that the module is programmed as a PWM, a 
value must be loaded in the high byte of the compare 
register to select the duty cycle. The value can be any 
number from 0 to 255. In the 83C51FA loading 0 in the 
CCAPnH will yield 100% duty cycle, and 255 (OFFh) 
will generate a 0.4% duty cycle. See figure 5. 


The next step is to start the PCA timer. The bit that 
turns the timer on and off is caned CR and is bit 6 of 


DUTY CYCLE CCAPnH 
OUTPUT 
WAVEFORM 


100% 
00 


90% 
25 -,r-u-u- 


50% 
128 ----u-LIl- 


10% 
230 ---lL.1LJL 


0.4% 
255 --.l-L..L 
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CCON register (Figure 3). Since this register is bit ad- 
dressable, you can use bit instructions to turn the timer 
on and off. 


In the fonowing example module 2 has been selected to 
provide a PWM signal to a motor driver. An external 
clock will be provided for the timer input, so the value 
that needs to be loaded into CMOD is 06H. 


When using an 83C51FA, very little hardware is re- 
quired to control a motor. The controller can interface 
to the motor through a driver as shown in figure 6. 


MOV 
MOV 
MOV 
SETB 


CMOD,#06 
CCAPM2,#42H 
CCAP2H,#0 
CR 


timer 
input 
external 
put 
the 
module 
in PWM 
mode. 
o provides 
100% 
duty 
cycle 
(5V) 
turn 
timer 
on 
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SPEED 


ON/OFF 


This configuration, a closed loop circuit, takes up only 
three I/O pins. The line controlling direction can be a 
regular port pin but the speed control line must be one 
of the port I pins which corresponds to a PCA module 
selected for PWM. Depending on how the feedback is 
generated and processed, it could be connected to a 
regular I/O, an external interrupt, or a PCA module. 
Feedback is discussed in more detail in the feedback 
section of this application note. 


The diagram in Appendix A is an example of a DC 
motor circuit which has been built and bench-tested. 


Although some DC motors operate at 5 volts or less, 
the 83C51FA can not supply the necessary current to 
drive a motor directly. The minimum current require- 
ments of any practical motor is higher than any micro- 
controller can supply. Depending on the size and rat- 
ings of the motor, a suitable driver must be selected to 
take the control signal from the 83C51FA and deliver 
the necessary voltage and current to the motor. 


A motor draws its maximum current when it is fully 
loaded and starts from a stand still condition. This fac- 
tor must be taken into account when choosing a driver. 
However, if the application requires reversing the mo- 
tor, the current demand will even be higher. As the 
motor's speed increases, it's power consumption 
de- 


creases. Once the speed of a motor reaches a steady 
state, the current depends on the load and the voltage 
across the motor. 


Standard motor drivers are available in many current 
and voltage ratings. One example is the L293 series 
which can output up to I ampere per channel with a 
supply voltage of 36 V. It has separate logic supply and 
takes logical input (0 or I) to enable or disable each 
channel. 
There 
are four channels 
per device. The 


L293D also includes clamping diodes needed for pro- 
tecting the driver against the back EMF generated dur- 
ing the reversing of motor. 


Mo~ors generate enough electrical noise to upset the 
performance of the controller. The source of the noise 
could be from the switching of the driver circuits or the 
motor itself. Whatever the cause of the noise may be, it 
must be isolated or bypassed. 


Isolating the microcontroller from the driver circuit is 
helpful in keeping the noise limited. 


Bypass capacitors help a great deal in suppressing the 
noise. They must be added to the power and ground 
(Figure 7 diagram a), on the driver circuit (diagram b), 
on the 
motor 
terminals 
(diagram 
c), and 
on the 


83C51FA (diagram d). The capacitors must be as close 
to the component as possible. In fact the best location is 
under the chip or on top of it if packaging allows. The 
diagrams in figure 7 show the location and some typical 
values for the bypass capacitors. 
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LOGIC 
Vee 


OPEN LOOP & CLOSED 
LOOP 


SYSTEMS 


There 
are two types of motor 
control 
systems: 
open 


loop and closed loop. 


In the open loop system the controller 
outputs a signal 


to turn the motor on/off 
or to change the direction 
of 


the rotation based on an input that does not come from 
the motor. 
For example, 
the position 
of a manual 
or 


timer switch becomes the input to the controller, 
which 


varies the input to the motor. In another case, the con- 
troller may take input from data tables in the program 
to run, vary the speed, reverse direction, 
or stop the 


motor. 


Closed loop systems can use one or more of the above 
mentioned 
examples for the open loop system, plus at 
least one feedback signal from the motor. The feedback 
signal 
provides 
such 
information 
as speed, 
positIOn, 


and/or 
direction 
of motion. 


Many applications 
require that a motor 
run at a con- 


stant speed. The controller 
has to continuously 
make 


adjustments 
to keep the speed within 
the limits. 
In 


some cases the speed of the motor 
is synchronized 
to 


another 
motor or moving part of the system. 


Depending 
on 
the 
type 
of 
feedback 
signal, 
the 


83C5lFA 
may have to use other modules of the PCA 


along with other on-chip 
peripherals 
such as Timer/ 


Counters, 
Serial Port, and the interrupt 
system to pre- 


cisely control a DC motor. 


The example 
in the following 
section 
uses one PCA 


module to generate PWM, and another module (in cap- 
ture mode) to receive feedback from a DC motor. 


The feedback comes from a sensing device which can 
detect 
motion. 
The sensing device may be an optical 
encoder, 
infrared 
detector, 
Hall effect sensor, etc. De- 


pending on the application, 
one or more of the above 


mentioned 
sensing devices may be suitable. 


The optical sensors should be encapsulated 
for better 


reliability. If they are not enclosed, factors such as am- 
bient light, dust, and dirt can lessen their sensitivity. 


Hall effect sensors are insensitive to any type of light. 
They change logic levels going into and coming out of a 
magnetic field. The sensing device is normally mounted 


on some stationary part of the system and the magnet is 
installed on the rotating part. The potential problem 
with the Hall effect sensors are that if the gap between 
the magnet and the sensing device is too big, the sens- 
ing device may not be affected by the magnetic field. 
Also the number of magnets is limited which means 
fewer feedback pulses will be provided. 


Whatever the means of sensing, the result is a signal 
which is fed to the controller. The 83C51FA can use 
the feedback signal to determine the speed and position 
of the motor. Then it can make adjustments to increase 
or decrease the speed, reverse the direction, or stop the 
motor. 


In the following example module 3 of PCA is set up to 
perform in the capture mode. In this mode module 3 
will receive feedback signals from a Hall effect transis- 
tor fixed behind a wheel which is mounted on the shaft 
of a DC motor. Two magnets are embedded on this 
wheel in equal distances from each other (180 degrees 
apart). Every time that the Hall effect transistor passes 
through the magnetic field, it generates a pulse. 


The signal is input to Pl.6 which is the external inter- 
face for module 3 of the PCA. In this example, module 
3 is programmed to capture on the rising edge of the 


input signal. The time between the two captures corre- 
sponds to '/2 of a revolution. Thus, two consecutive 
captures can provide enough information to calculate 
the speed of the motor as explained in the next para- 
graph. By storing the value of the capture registers each 
time, and comparing it to its previous value, the con- 
troller can constantly measure and adjust the speed of 
the motor. Using this method one can run a motor at a 
precise speed, or synchronize it to another event. 


In the PCA interrupt service routine, each capture val- 
ue is stored in temporary locations to be used in a sub- 
tract operation. Subtracting the first capture from the 
second one will yield a 16-bit result. The resultant val- 
ue, which will be referred to as "Result" in the rest of 
this document, is in PCA timer counts. An actual RPM 
can be calculated from Result. Although the 83C51FA 
can do the calculation, it would be much faster to pro- 
vide a lookup table within the code. The table will con- 
tain values which have been calculated for a possible 
range of Results. 


The following code is an example of how to measure 
the period of a signal input 
to module 
3 of the 


83C51FA. The diagram in figure 8 shows how the peri- 
od corresponds to the rotation of the wheel. In the dia- 
gram "T" is the period and "t" is the time that the 
magnet is passing in front of the Hall effect transistor. 
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FLAG 
BIT 
0 
HLBYTE_TMP 
DATA 
45H 
LO_BYTE_TMP 
DATA 
46H 
HLBYTE_RESULT 
DATA 
47H 
LO_BYTE_RESULT 
DATA 
48H 


ORG 
OOH 
JMP 
BEGIN 


ORG 
33H 
JMP 
PCA_ISR 


BEGIN: 
MOV 
CMOD,#O 
MOV 
CCAPM3,#21H 


MOV 
CCAP3H,#9AH 
SETB 
IP.6 
MOV 
IE,#OCOH 
CLR 
FLAG 
SETB 
CR 


PCA_ISR: 
JB 
SETB 
MOV 
MOV 
CLR 
RETI 


CLR 
MOV 
SUBB 
MOV 
MOV 
SUBB 
MOV 
CLR 


SET PCA TIMER 
InPUT fOSC/12. 
MODULE 
3 IN POSITIVE 
CAPTURE MODE. 
PWM AT 60 PERCENT 
DUTY CYCLE. 


SET PCA INT. AT HIGH PRIORITY. 
ENABLE PCA INTERRUPT. 


FLAG,CAP_2 
; FLAG BIT IS SET TO SIGNIFY 
1st 
FLAG 
; CAPTURE 
COMPLETE. 
HI_BYTE_TMP,CCAP3H; 
SAVE FOR NEXT CALCULATION. 


LO_BYTE_TMP,CCAP3L 
CCF3 
; RESET PCA INT. FLAG MODULE 
3 


C 
A,CCAP3L 
A,LO_BYTE_TMP 
LO_BYTE_RESULT,A 
A,CCAP3H 
A,HLBYTE_TMP 
HLBYTE_RESULT,A 
IE.6 


FOR SUBTRACT 
OPERATION. 
SUBTRACT 
OLD CAPTURE FROM NEW CAPTURE. 


HIGH BYTE SUBTRACTION. 
SUBTRACTION 
RESULT 
OF HIGH BYTE. 


DISABLE 
PCA INTERRUPT. 


In this example 
only one measurement 
is taken. That is why 


the PCA interrupt 
is disabled 
in the above line of instruction. 


RET_PCA: 
CLR 
RETI 
END 


It takes the 83C51FA no more than 250 bytes of code 
to control a DC motor. That is to run the motor at 
various speeds, monitor the feedback, use electrical 
braking, and even run it in steps. However, the CPU 
time spent on the above tasks can add up to 70 to 75% 
of the total time available (clock frequency 12 MHz). 


can be done in less than 30 instructions. Thus, in an 
open loop system, the controller spends an insignificant 
amount of time on controlling the motor. However, in a 
closed loop system the controller has to continuously 
monitor the speed and adjust it according to the pro- 
gram and the feedback. 


The section of software which turns the motor on and 
off, or sets the speed is very short. In fact, all of that 


The rest of this section talks about electrical braking, 
stepping a DC motor, and offers examples of code to 
implement these techniques. 
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Once a DC motor is running, it picks up momentum. 
Turning ofTthe voltage to the motor does not make it 
stop immediately because the momentum will keep it 
turning. After the voltage is shut ofT,the momentum 
will gradually wear ofTdue to friction. If the application 
does not require an abrupt stop, then by removing the 
driving voltage, the motor can be brought to a gradual 
stop. 


An abrupt 
stop may be essential to an application 


where the motor must run a few turns and stop very 
quickly 
at 
a predetermined 
point. 
This 
could 
be 


achieved by electrical braking. 


Electrical braking is done by reversing the direction of 
the motor. In order to run in reverse direction, the mo- 
tor has to stop first, at which time the driving voltage is 
eliminated so that the motor does not start in the new 
direction. Therefore the length of time that the revers- 
ing voltage is applied must be precisely calculated to 
ensure a quick stop while not starting it in the reverse 
direction. 


There is no simple formula to calculate when to start, 
and how long to maintain braking. It varies from motor 
to motor and application to application. But it can be 
perfected through trial and error. 


In a closed loop system, the feedback can be used to 
determine where or when to start braking and when to 
discontinue. 


During the electrical braking, or any time that the mo- 
tor is being reversed, it draws its maximum current. To 
a motor which is turning at any speed, reversing is a 
heavy load. The current demand of a motor, when it 
has been reversed,is much higher than when it has just 
been powered on. 


The following shows a code sample for electrical brak- 
ing on a DC motor. The code is designed for the hard- 
ware shown in Appendix A. The subroutine DELAY 
provides the period that the reverse voltage is applied to 
the motor. The code for this subroutine is available in 
the TIME DELAYS section of this document. 


MOV 
MOV 
SETB 


CMOD,#O 
CCAPM1,#42H 
CR 


SET PCA TIMER INPUT fOSC/12. 
SETTING THE MODULE TO PWM MODE. 
PCA TIMER RUN. 


DRIVE MOTOR CLOCKWISE 


CLR 
PLO 


MOV 
CCAP1H,#00 
P1.0 AND THE PWM OF MODULE 
1- 
CONTROL THE SPEED AND DIRECTION. 


00 IN THIS REGISTER 
PUTS OUT MAX PWM 
(LOGICAL 1) 


CALL 
STOP_MOTOR 


STOP_MOTOR: 


SETB 
MOV 
CALL 
CLR 
RET 


P1.0 
CCAP1H,#OFFH 
DELAY 
PLO 
WAITING FOR 0.5 SECOND. 
REDUCING 
VOLTAGE TO O. 
RETURN FROM SUBROUTINE. 
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Using the 83C5lFA, it is possible to run a simple DC 
motor in small steps. The resolution of the steps will be 
as high as the resolution of the encoder. If this resolu- 
tion is sufficient, here is a technique to run a DC motor 
in steps. 


Using a gear box to gear down the motor will increase 
the resolution of steps. However, putting too much load 
through the gears will cause sluggish starts and stops. 


Electrical braking is used in order to stop the motor at 
each step. Therefore, the routine that runs the motor in 
steps will consist of turning it on with full force, waiting 
for certain period, and stopping it as fast as possible. 
The wait period depends on the number of steps per 
revolution. 


As the steps and the intervals between them become 
smaller, the average current demand of the motor in- 
creases. This is because the motor is operated at its 
maximum torque condition every time it starts to rotate 
and every time it is reversed for electrical braking. 


The following code sample shows a continuous loop 
which runs the motor in steps. The number of steps per 
revolution depends on the duration of the delay gener- 
ated by DELAY subroutine. Subroutine WAIT pro- 
vides the time between the steps. 


Subroutine DELAY is the period of time that the mo- 
tor is kept in reverse. This period must be determined 
through trial and error (or each type of motor and sys- 
tem. 


While the 83C5lFA is controlling a motor it must fre- 
quently wait for the motor to move to certain position 
before it can proceed with the next task. For example, 
in the case of electrical braking when the controller 
reverses the polarity of voltage across the motor, de- 
pending on the type, size, and the speed of the motor, it 
may have up to a second of CPU time before it will 
turn the motor off. 


The wait may be implemented in different ways. Any of 
the Timer/Counters 
or unused PCA modules could be 


utilized to provide accurate timing. The advantage in 
using the timers is that while the timer is counting, the 
processor can be taking care of some other tasks. When 
the timer times out and generates an interrupt the proc- 
essor will go back and continue servicing the motor. 


If there are no timers or PCA modules available for this 
purpose, a software timer maybe set up by decrement- 
ing some of the internal registers. In this method the 
processor will be tied up counting up or down and will 
not be able to do anything else. An example of such a 
timer is: 


CLR 
MOV 


PLO 
CCAPlH.#O 
SET DIRECTION 
CLOCKWISE 
MAX PWM 


The 
above 
instruction 
sets 
the 
motor 
running 
clockwise. 
The 
control~er 
can 
be 
doing 
other 
tasks 
if need 
be. 
or just 
stay 
in a wait 
loop. 
then/stop 
the 
motor 
as 
shown 
below. 


SETB 
MOV 
CALL 
CLR 
CALL 
JMP 


PLO 
CCAPlH.#OFFH 
DELAY 
PLO 
WAIT 
LOOP 


WAIT FOR IT TO STOP. 
REDUCE VOLTAGE 
TO O. 
TIME BEFORE NEXT STEP. 


MOV 
MOV 
DELAY-LOOP: 
DJNZ 
DJNZ 
RET 


R4.#25 
R5.#255 
(decimal) 
(decimal) 


R5 •DELAY-LOOP 
R4.DELAY-LOOP 


Let us assume that it will take a motor 500 milliseconds 
to stop from its CW rotation and we are going to use 
Timer/Counter 
0 to provide the wait period. Subrou- 


tine DELA Yl will keep track of this timing. Module 1 
of PCA is selected to provide the PWM. 


Subroutine 
DELAY 
provides approximately 
6.4 ms 


with a 12 MHz clock or 4.8 milliseconds with a 16 
MHz clock. The length of this delay can be controlled 
by loading smaller or larger values to R4 to vary from 
260 microseconds up to 65 milliseconds at 12 MHz or 
48 milliseconds at 16 MHz oscillator frequency. Larger 
delays may be obtained by cascading another register 
and creating an outer loop to this one. 


ORG 
OBH 
JMP 
TIMER_INTERRUPT_ROUTINE 


CLR 
MOV 
PLO 
CCAP1H.#O 
SET DIRECTION 
CW 
MAX PWM 


Now the motor 
is running 
and the controller 
can do other tasks. 


Some typical 
tasks are called in the following 
segment. 


BUSY_LOOP: 


CALL 
CALL 
CALL 
JNB 


MONITOR_DISPLAY 
SCAN_KEY-BOARD 
SCAN_INPUT_LINES 
STOP_FLAG. BUSY_LOOP 


STOP_FLAG 
gets set by a feedback 
signal and denotes 
that the motor must 
stop. 


SETB 
MOV 
CALL 
CLR 


SETB 
SETB 
MOV 
MOV 


PLO 
CCAP1H.#OFFH 
DELAY 
PLO 
WAIT TILL MOTOR 
STOPS 
REDUCE 
VOLTAGE 
TO 0 


EA 
ETO 
TLO.#OD8H 
THO.#5EH 


SETB 
TRO 
MOV 
R7,#8 


; timer 0 must rollover 


timer 0 on 
keep track 
of how many times 


MONITOR_LOOP: 
CALL 
CALL 
CALL 
JB 
RET 


MONITOR_DISPLAY 
SCAN_KEY-BOARD 
SCAN_INPUT_LINES 
TRO,MONITOR_LOOP 


TIMER_INTERRUPT_ROUTINE: 
DJNZ 
R7,FULL_COUNT 
CLR 
TRO 


To implement a 500 millisecondsdelay, timer 0 is used 
here. In mode 1 timer 0 is a 16-bit timer which takes 
65.535 milliseconds at 12 MHz to roll over. Dividing 
500 milliseconds to 65.535 shows that timer has to 
overflow more than 7 times but less than 8 times. How 
much more than 7 times? The following calculation 
yields the initial load value of the timer. 


In hexadecimal it is A127H. The initial load value is 
the complement of this value which is 5ED8H. 


The 83C51FA with all its on-chip peripherals is a sys- 
tem on one chip. It can simplify the design of a control 
board and reduce the chip count. Up to 5 DC motors 
can be controlled while doing other tasks such as moni- 
toring feedback lines, human interfacing (scanning a 
keyboard, displaying information), and communicating 
with other processors. The MCS-51 powerful instruc- 
tion set provides maximum flexibility with minimum 
hardware. 


With its onboard program memory capability, the need 
for the external EPROM and address latch is eliminat- 
ed. The 83C51FA can have up to 8K bytes of code and 
the 83C51FB can have up to 16K bytes of code on- 
board. 


This microcontroller can be used in industrial, com- 
mercial, and automotive applications. 


Figure A-I shows a symbolic view of the L293B driver. 
This driver has 4 channels but only two are shown here. 
Note the inputs A and B and how they are related to 
each other. You can input the PWM to either one of 
the inputs and by toggling the other input start or stop 
the motor. While running, the PWM input controls the 


speed. Pin PI.4 corresponds to module I of the peA, 
and pin PI.O is used as a regular I/O pin. 


Figure A-2 shows the schematic of the motor driver, 
motor, feedback path, and the supporting components. 
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I. RESONANT 
TRANSDuceRS 


M 
OST sensing transducers are not direclly compatible 
with digital controllers. 
because they generate analog 


signals. A few transducer companies are developing proprie- 
tary families of sensors which generate signals that are more 
directly compatible with digital systems. These are not analog 
sensors wich built-in A-D conversion, but oscillators whose 
frequency 
depends 
in some known way on the physical 


propeny being measured. 
The technology 
is applicable 
to vinually 
any type of 


measurand: 
pressure. 
gas density. 
position. 
temperature. 
force, etc. The sensor and microcontroller can operate from 
the same supply voltage. so the sensor can in most cases 
connect directly to a pon pin on the microcontroller. 
The nominal reference frequency of the output signal from 


these devices is in the range of 20 Hz-500 kHz, depending on 
the design. 
A change 
in the measurand 
away 
from the 
reference condition causes the frequency to shift by an amounc 
that 
is 
related 
to the change 
in the 
l11easurand value. 


Transducers are available that have a full-scale frequency shift 
of 2-1. The minocontroller 
detects the change in frequency or 


period and convens it in sofiware III the l11easurandvalue. 


II. CONNH'IIN(;IH>DIWTAI.TRANSlJl1nR10 IH>8051 


Normally the transducer output ,'an be ('onnected directly to 


one of tbe 8051 pon pins. An excepcion would ,"'cur when the 


transducer signal docs not restrict itself to the voltage range of 
-0.5 
to +5.5 V. 


The 8051 is not sensitive to the rise and fall times of its input 


signals. It detects transitions by sampling its pon pins at fixed 
intervals (once per machine cycle). and responds to a change 
in the sequence of samples. If the slew rate of the transducer 
signal is extremely slow. noise superimposed on the signal 
could cause the sequence of samples to show false transitions. 
There could on thac account be situations 
in which the 


transducer signal should be buffered through a Schmitt Trigger 
to square it up. 


III. TIMER/COUNTER 
STRUCTURE 
INTHE8051 


The 8051 has two 16-bittimer/counters: 
Timer 0 and Timer 


I. Both can be configured 
in software to operate either as 


timers or as event counters. 
In the 
"timer" 
function. 
che register 
is automatically 


incremented every machine cycle. Since a machine cycle in 
tbe 8051 consists of 12 clock periods, 
the timer is being 


incremented at a constant rate of 1/12 the clock frequency. 


In the "counter" 
function. the register is incremented in 


response to a I-to-O transition at its corresponding external 
input pin (ro or n). The way this function works is the 
external input pin is sampled once each machine cycle (once 
every 12 clock periods), and when the samples show a high in 
one cycle and a low in the next. the count is incremented. 


Note too chac since it takes two machine cycles (24 clock 


periods) to recognize a l-to-O transition, the maximum count 
rate is 1/24 the clock frequency. If the clock frequency is 12 
MHz. the maximum count rate is 500 kHz. There are no 
requirements on the duty cycle of the signal being counted. 


The 8052, an enhanced version of the 8051 . has three 16-bit 


timer/counters. two of which are identical to those in the 8051. 
The third timer/counter can operate either as a l6-bit timer/ 
counter with automatic reload to a preset 
16-bit value on 


rollover. or as a 16-bittimer/counter 
with a "capture" 
mode. 


In Ihe capture mode a I-to-O cransition at the T2EX pin causes 
the current value in the counting register to the "captured" 
into RAM. The chird timer makes the 8052 panicularly easy to 
interface wilh resonant transducers. 


IV. WHfTHERTOMEASUREFREQUENCY 
ORPERIOD 


Measuring 
the 
frequency 
requires 
counting 
transducer 


pulses Ii" a fixed sample time. Measuring the period requires 
measuring elapsed time for a fixed number of transducer 
pulses. For a given level of accuracy in the determination of 
the value of the measurand, it is usually faster to measure the 
period. rather than the frequency, even if che measurand is 
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proponional to frequency rather than period. However. both 
types of measurements will be discussed here. 


Two timer/counters can be used. one to mark time and the 


other to count transducer 
pulses. 
If the frequency being 
counted does not exceed 50 kHz or so. one may equally well 
connect the transducer signal to an external interrupt pin. and 
count transducer pulses in software. That frees one timer. with 
very little cost in CPU time. 


V. How TOMEASURETRANSDUCER 
FREQUENCY 


Measuring the frequency means counting transducer pulses 


for some desired sample time. The count that is direclly 
obtained is T x F. where T is the sample time and F is the 
frequency. The full scale range is T x (Fmax - Fmin). For 
n-bit resolution 


Tx (Fmax - Fmin) 


2" 


2" 


Fmax-Fmin 


For example. 
8-bit resolution 
in the measurement 
of a 


frequency that varies between 5 and 10 kHz would require. 
according to this formula. a sample time of 51.2 ms. The 
maximum acceptable frequency count would be 51.2 ms x 10 
kHz 
= 
512 counts. The minimum would be 256 counts. 


Subtracting 256 from each frequency count would allow the 
frequency to be reponed on a scale of 0 to FF in hex digits. 


If Fmin and Fmax are closer together it takes more time to 


resolve 
them. 
8-bit resolution 
in the measurement 
of a 


frequency that varies between 7 and 9 kHz would require a 
sample 
time of 
128 ms. 
The 
maximum 
and 
minimum 
acceptable counts would be 1152 and 896. Subtracting 896 
from each frequency count would allow the frequency to be 
reponed on a scale of 0 to FF in hex digits. 
To implement the measurement, 
one timer is used to 


establish the sample time. In this function it autoincrements 
every machine cycle. A machine cycle consists of 12 periods 
of the clock oscillator. The sample time can be convened to 
machine cycles by multiplying it by (Fxlal)/12. where Fxtal is 
the 805I clock frequency. The timer needs to be preset so that 
it rolls over at the end of each sample time. Then it generates 
an interrupl, and the interrupl routine reads and clears the 
transducer pulse counter. and then reloads the timer with the 
correct preset ~alue. 


The preset or reload value is the two's complement negative 


of the sample time in machine cycles. For example. with a 12- 
MHz clock frequency. the reload value required to establish a 
51.2 ms sample time is 


(51.2 InS) x (12000 kHz) 
- 
12 
=-51200=3800H. 


In many cases the required sample time exceeds the capacity of 
a 16-bit timer. For example. establishing a 128 ms sample 
time with a 12-MHz clock frequency requires a 3-byte timer 
with a reload of FEOCOOH.The 8051 timer. being only 2- 


bytes wide. can be augmented 
in software 
in the timer 


interrupt 
routine to three bytes. 
The 805 I has a DJNZ 


instruction (decrement and jump if not zero) which makes it 
easier to code the third timer byte to coum down instead of up. 
If the third timer byte counts down. its reload value is the 
two's complement of what it would be for an up-counter. For 
example. 
if the two's 
complement of the sample time is 


FEOCOOH.then the reload value for the third timer byte would 
be 02, instead of FE. The timer imerrupt routine might then be 


DJNZ 
THIRn..TIMER..BYTE.OUT 
MOV 
TLO.IIO 
MOY 
THO.IIOCH 
MOY 
THIRn..TIMER..BYTE.1I02 


(Now read and clear the 
transducer pulse counter.) 
OUT: RETI 


Interrupt latency will have no effect on the measurement if the 
latency is the same for every sample time. 


The trouble with measuring the frequency is it is not only 


slow. but a waste of the resolving power of the 805 I's timers. 
A timer with microsecond resolution is being used to mark off 
IOO-mstime periods. The technique is nevenheless useful if 
the timer is already 
serving other 
purposes 
(servicing 
a 


display. perhaps). so that the sample time is coming relatively 
free of charge. But in most cases it is faster and equally 
accurate to measure the frequency by deriving 
it from a 


measurement of the period. 


VI. How TOMEASURETHEPERIOD 


Measuring 
the period 
of the transducer 
signal 
means 


measuring the total elapsed time over N-transducer pulses. 
The quantity that is directly measured is N x T. where T is 
the period of the transducer signal in machine 
cycles. The 


relationship between T in machine cycles and the transducer 
frequency F in arbitrary frequency units is 


Fxtal 
T=~X(I/12) 


where Fxtal is the 805 I clock frequency. in the same unit as F. 


The full scale range then is N x (Tmax - 
Tmin). For n-bit 


resolution 


I LSB = .~_x_(_7i_m_a_x_-_7i_m_I_· 
n_) 


2" 


Therefore. the number of periods over which the elapsed time 
should be measured is 


2" 


Tmax-Tmin 


However. N must also be an integer. It is logical to evaluate 
the above formula (do not forget that Tmax and Tmin have to 
be in machine cycles) and select for N the next higher integer. 
This selection gives a period measurement that has somewhat 
more than n-bit 
resolution. 
which 
mayor 
may not be 


acceplable, 
depending 
on the overall requirements 
of the 
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system. It can be scaled back to n-bit resolution. if necessary. 
by the following computation: 


NT-NTmin 
reponed 
value = -N-1i-m-a-x---N-1i-m-in- 


where NT is the elapsed time measured over N periods. 
The computation can be done in math if a suitable divide 


routine is available in the software. For 8-bit resolution it is 
entirely reasonable to find the reponed value in a look-up 
table. which would take up somewhat more than one page in 
ROM. In fact. the look-up table would contain NTmax 
- 


NTmin entries. 
For example. 
suppose we want 8-bit resolution 
in the 


measurement of the period of a signal whose frequency varies 
from 5 to 10 kHz. If the clock frequency is 12 MHz. then 
Tmax is (12 000 kHz)/(12 x 5 kHz) = 200 machine cycles. 
and Tmin is 100 machine cycles. The timer needs to be on then 
for N = 2.56 periods. according to the formula. Using N = 3 
periods will give maximum and minimum NT values of 600 
and 300 machine cycles. This is somewhat more than 8-bit 
resolution. It can be scaled to 8 bits with a 300-byte look-up 
table. if desired. 


To implement the measurement. 
one timer 
is used to 


measure 
the elapsed 
time NT. 
Enabling 
its interrupt 
is 


optional. The timer interrupt could be used to indicate a shon 
or open in the transducer circuit. 


Then the transducer is connected to one of the external 


interrupt pins (INTO or INTI). and this interrupt is configured 
to the transition-activated 
mode. In the transition-activated 


mode every l-t<Kl transition in the transducer output will 
generate an interrupt. The interrupt routine counts transducer 
pulses. and when it gets to the predetermined N. it reads and 
clears the timer. For example 


DJNZ 
PULSES.OUT 


MOV 
PULSES.J'oLPERlODS 


(Read and clear timer.) 


OUT: RETI 


If other interrupts are also to be enabled. the one connecled to 
the transducer should be set to Priority I. and the others to 
Priority O. This is to control the interrupt response time. The 
response time will not affect the measurement if it is the same 
for every measurement. Variations in the response time will. 
however. affect the measurement. Setting the pulse-eounter 
interrupt to Priority I and all others 10 Priority 0 will minimize 
variations in the response time. The response time will then be 
Iimiled to range from 3 to 8 machine cycles. 


VII. PuLSEWIDTH 
MEASUREMENTS 


The 8051 timers have an operating mode which is panicu· 
larly suited to pulsewidth measurements. and may be useful 
here if the transducer 
has a fixed duty cycle. 
or if the 


transducer 
output is pulsewidth modulated 
instead of fre- 
quency modulaled by the measurand. 
In this mode the timer is turned on by the on-ehip circuitry 


in response to an input high at the external inlerrupt pin. and 
off by an inpullow. The extemaJ interrupt itself is enabled. so 
lhe same I·to-{)transition from the transducer thst turns off the 


timer also generates an interrupt. The inlerrupt routine would 
then read and reset the timer. 


The advantage of this method is that the transducer signal 


has direct access to the timer gate. 
with the result that 


variations in the interrupt response time cease to be a factN 
The timer can be read and cleared any time before the next 
high in the transducer output. 


VIII. DERIVINGFREQUENCY 
FROMA PERIODMEASUREMENT 


We now consider the problem of measuring the transducer 


frequency to n-bit resolution by deriving it from a direct 
measurement of the period. The advantage of this technique is 
speed. It is always faster to measure period than frequency. 
But it is imponant to end up with a frequency value that has the 
same resolution and accuracy a~ a directly measured fre- 
quency. Two questions need to be addressed. 


1) To achieve n-bit resolution in the calculated frequency. 


how much resolution is required in the period? 


2) Having measured the period to the required resolution. 


what is the most efficient way to calculate the frequency? 


These questions will be addressed one at a time. 


IX. RESOLUTION 
REQUIREMENTS 


In general. 
n-bit resolution in the frequency derivation 


requires somewhat more than n·bit resolution in the period 
measurement. 
How much more? It will be demonslrated 


presently that if the transducer frequency varies over a 2-to-l 
range. the frequency can be calculated with n·bit resolution 
from period measurements that have (n + I)-bit resolution. 


The more practical form of the question is over how many 


periods (N) must the transducer signal be sampled to obtain 
the required 
resolution 
in F? 
And so. 
we commence 
a 


calculation of N. 
The basic calculation of frequency from N x T (which we 


shall call NT) is straightforward: 


The relationship between an increment dF in the calculated 
frequency due to an increment d(NT) in the measured period 
is. therefore. 


N 
dF= --- 
d(NT) 
(NT)l 


Fl 
= -N 
d(NT). 


This equation says the value of an LSB in the calculated 
frequency is (Fl)1N x the value of an LSB in NT. Then the 
maximum value that an LSB in the calculated frequency can 
have is (Fmax)!IN x Ihe value of an LSB in NT. For the 
calculated frequency to have n-bit resolulion over the entire 
range of frequencies. the value of its LSB must never exceed 
(Fmax - 
Fmin)/2". 
Therefore. the measurement requires 


(Fmax)! 
Fmax - Fmin 


--N-x 
(I LSB in NT)s 
2" 


Nx (Fmax - Fmin) 
I LSB in NT< 
. 
2" x (Fmax)' 


Nx (I/Fmin - I/Fmax) 


2'" 


Substituting this value for I LSB into the required resolution 
and solving for 2'" yields 


Fmax 
2'"2:--x2". 
Fmin 


m 2: n + _I_n_(_fi_m_a_x/_fi_m_in_)_ 
In (2) 


It can be stated with some certainly, then, that if the transducer 
frequency varies over a range of 2-to-l. the frequency can be 
calculated with S-bit resolution from a period measurement 
that has 9-bit resolution. If the frequency variation is less than 
2-to-l •another full bit of resolution in the period measurement 
is not needed. 


To obcain m·bit resolution in NT. N must satisfy 


2'" 
N2:------ 
Tmax-Tmin 


Substituting for 2'", and using Tmax = I/Fminand 
Tmin = 
1/F max, gives the result that 


(Fmax)' 
N2:-----x2". 


Fmax-Fmin 


It should be noted that the units of frequency here are 


periods/machine 
cycle. 
since the 80.5I measures time by 


counting machine cycles. The conversion factor between Hz 
and periods/machine 
cycle is 12/(clock frequency). So the 


requirement on N can also be written 


Fmax 
Fmax 
N2:-----X--x 
12x2" 
Fmax - Fmin 
Fxtal 


where Fxtal is the 80.5I clock frequency in the same units as 
Fmax and Fmin. This is the number of transducer pulses over 
which the transducer signal must be sampled to achieve the 
required solution 
in F. 
For example, suppose that S·bit resolution is required in F, 


where Fmax = 10 kHz and Fmin = .5 kHz, and that Fxtal 
= 12 MHz. Then the above calculation shows that N = 6 
periods gives sufficient resolution in the period measurement 
to satisfy the resolution requirement in F. Six periods will take 
0.6-1.2 
ms of sampling time, on that frequency range. Recall 


that the sample time for a direct frequency measurement of the 
same signal and to the same resolution was earlier calculated 
to be .51.2 Ms. 


X. COMPUTI"G 
THE 
FREQUENCY 
FROM 
THE 
PERIOD 


The period measurement leaves one with a 16-bit integer. 


which is N x T (or NT) in machine cycles. The conversion to 
frequency is straightforward: 


F= N/(NT) 
periods/machine cycle. 


The quantity of interest is probably not F. but a normalized 


measure of the amount by which F exceeds its minimum 
acceptable value. This quantity reprcsents, through the trans- 
ducer's 
transfer 
function, 
the 
"reported 
value" 
of 
the 


measurand' and this quantity is an n-bit integer whose value 
ranges from 0 (all bits = 0) to full scale (all bilS = I) This 
normalized frequency is 


f= 
F-Fmin 
Fmax-Fmin 


Fmin 
- 
x (F/Fmin- 
J\ 
Fmax-Fmin 
. 


Using F = N/(NT) 
and F min = N/(NT 
max) a110••.~ the 


normalized frequency, to be written 


f 
Fmin 
x NTmax - NT 


Fmax - Fmin 
NT 


To get a handle on what kinds of numbers are involved here, 


consider the situation where S-bit resolution is required inf, 
and in which Fxtal = 12 MHz, Fmax = 10 kHz, and Fmin 
= .5kHz. We have previously determined that for this set of 
conditions. N = 6 periods gives sufficient resolution in the 
period measurement to satisfy the resolution requirement in F 
(and inf)o With a 12 MHz clock frequency, Tmax in machine 
cycles is (12 000 kHz)/(12 x .5kHz) = 200 machine cycles, 
so NTmax 
is 6 
x 
200 
= 
1200 machine cycles. 
The 


calculation for f then becomes 


12oo-NT 
f 
NT 
. 


The minimum acceptable value that NT can have is (N 
x 


Tmin + I), where Tmin = (12000 kHz)/(I2 
x 10 kHz) = 


100 machine cycles. Then N x 
Tmin = 6 x 
100 = 600 


machine cycles. The allowable values for NT are then 601- 
1200 machine cycles, a total of .599different values. 


The fastest way to "calculate" f would be with a .599-byte 
,look-up 
table. This method has the added advantage that 


nonIinearities in the transfer function between frequency and 
measurand can be built into the table. Look-up tables are 
facilitated in the 80.51by the MOVe A.@A+PC.andMOVe 
A,@A+ OPTR instructions. OPTR is a l6-bit "data pointer" 
register 
in the 
80.5I. 
Its two bytes can 
be individually 


addressed as OPL (low byte) and OPH (high byte). 


In the example under discussion, it will be necessary to load 


OPTR with the address of the first byte of the look-up table, 
less 601. plus the 2-byte value of NT. The software that 
accesses the table might then take the following form: 


TABLE EQU (address of first table entry) 


intJ 


••••• l 1 ~" 
N<t 1 
du 
I r 
F'lu,,""r.ta. 
;; 
q •.• 
~ 
0 
th l" 
pi ••• 


I nr r"", ••nt 
n 
"'Ill'_·•.• 
t' I I. 


d,,"OI''lIn.tor 
t"." 


nUII'l •• r.tC'1" 
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MOV 
ADD 
MOV 
MOV 
ADDC 
MOV 
CLR 
MOVC 


A.#LOW(TABLE-6OJ) 
A,NUO 
DPL.A 
A.#HIGH(TABLE - 601) 
A.NUU 
DPH.A 
A 
A,@A+DPTR. 


At this point the accumulator contains the 8-bit value off. 


It is perfectly reasonable to decide that a 599-byte look-up 


table is unwieldy. Its advantages are speed and built-in error 
correction. 
But a reasonably fast divide algorithm can be 


written to this specific purpose. 
making use of a priori 


knowledge about the sizes of the numbers that are involved in 
the computation. 
It helps to know that in this example the 


numerator 
is never going to be larger than 599 and the 


denominator is always greater than the numerator. 
A complete discussion of divide routines is beyond the 


scope of this paper. but a suitable divide algorithm for this 
specific application is shown in Fig. I. Reference (IIcalls this 
the Restoring division algorithm. It is panicularly well suite~ 
to the 805 I. because ••< .. comparisons are greatly facilitated 
by the 805 I's 
CJNE 
(compare 
and jump 
if not equal) 


instruction. CJNE A.B.rel. 
executes a relative jump if A does 
not equal B. More 
imponantly 
to this application. 
the 
instruction sets the carry flag if A < B. 


XI. 
ACCURACY 
AND 
RF.SOLUTION 


The accuracy 
with which 
the 8051 will measure 
the 


frequency or period of the transducer signal depends on two 
things: the accuracy of the clock oscillator and variations in 
the interrupt response time. 


Since the clock signal is normally generated by a crystal 


oscillator. the oscillator accuracy normally far exceeds the 
quantizing error inherent in the finite (n-bit) resolution. 


As was previously mentioned. interrupt response time does 


not introduce an error 
into the 
measurement 
itself. but 
variations 
in the 
interrupt 
response 
time 
can. 
Interrupt 


response time in the 805I can vary from 3 to 8 machine cycles. 
depending on what instruction is in progress at the time the 
interrupt is generated. This would represent an error of ± 5 
counts 
in the 
measured 
value 
of 
NT 
during 
a period 


measurement. 
An error 
of 
± 5 counts 
in NT does 
not 


necessarily translate to ± 5 LSB's in the final result. but it 
might still represent an error that exceeds the resolution. 


In a direct frequency measurement variations in the inter- 


rupt response time would represent an error of ± 5 /,S in the 
sample time. 


If these kil.ds of errors are unacceptable there are ways to 


deal with them. In period measurements, if the duty cycle of 
the 
transducer 
is constant, 
the 
pulsewidth 
measurement 


technique, previously described, can be used. Its advantage is 
that it gates the timer off when the interrupt is generated. 
rather than when the interrupt is responded to. 


In other cases one can simply increase the sample time 


above the minimum required to obtain the desired resolution. 
For example. if the measurement requires 8-bit resolution, one 
can design the software for an II-bit resolution and truncate 
the result to 8 bits. 
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Uicrocontrollers 
are 
rapidly 


becoming 
the 
backbone 
of 
silicon 


computing 
systems. 
From 
a 
technical 


standpoint, 
the 
most 
significant 


attribute, 
aside from the 
inclusion 
of 


RAM 
and 
ROM, 
that 
segregates 
a 


microcontroller 
from 
a 
microprocessor 


is 
I/O manipulation. 
In 
~eneral, 
I/O 


manipulation 
is an 
intimate 
part of a 


microcontroller's 
architecture. 
The 


instruction 
set 
and 
architecture 
of a 


microcontroller 
allows 
the 
CPU 
to 


directly 
control the I/O facilities 
on 


the device. 
This 
is in direct contrast 


to a 
microprocessor 
where 
the 
I/O is 


essenti~lly 
a "sea" of addresses 
anu 
it 


is up to the hardware de&igner 
to place 


some 
type of I/O 
hardware 
in this I/O 


"sea". 
It should be obvious 
that simply 


adding 
ROM and RAM to a microprocessor 


WILL 
NOT creale a microcontroller. 


This 
intimate 
contact 
with 
I/O 


gives 
the 
microcontroller 
a 
distinct 


advantage 
over 
the 
microprocessor 
in 


applications 
that 
are I/O 
intensive. 


Microcontrollers 
can 
test, 
set, 


complement, 
or clear 
I/O port pins much 


faster 
than a 
microprocessor 
and 
they 


can 
also 
make decisions, 
based on 
the 


state of other hardware 
features, 
such 


as 
timer/counters 
with 
equal 
speed. 


This 
integration 
of 
I/O, 
in 
both 


hardware 
and 
software 
makes 
the 


microcontrol1er 
"ideal" 
for many 
types 


of 
intelligent 
instrumentation. 


4K ROM/EPROM 
- 8K ROM ON 8052 
128 BYTES OF RAM - 256 ON THE 
8052 


2-16 BIT TIMER/COUNTERS 
- 3 ON THE 8052 


FULL 
DUPLEX 
UART 


5 VECTORED 
INTERRUPTS - 6 ON THE 
8052 


4 REGISTER 
BANKS 


BIT MANIPULATION 
(BOOLEAN PROCESSOR) 


32 DIRECTLY 
ADDRESSABLE 
I/O PINS 


MULTIPLY 
AND DIVIDE INSTRUCTIONS 


SUPPORTS 
64K OR RAM AND ROM-128K 
TOTAL 


TABLE 
1. A BREIF LISTING 
OF THE MCS-51'S 


FEATURE SET. 


Intel's 
MCS-51 
series 
of 


~icrocontrollers 
contain 
many 
features 


that 
can be 
integrated directly 
into 


many 
types of instruments. 
TABLE 
1 is a 


brief 
listing 
of 
these 
features. To 


illustrate 
the power of 
the 8051 this 


paper 
will 
elaborate 
on two techniques 
for performing 
analog 
to digital 
(A 
to 


D) conversion. 
Both of 
these examples 


assume 
that some additional 
hardware 
is 


attached 
to the I/O pins of the 8051. 


S/A CONVERSION 
TECHNIQUES 


Successive 
approximation 
analog 
to 


digital 
conversion 
involves 
a 
"binary 


search" 
of an unknowlI voltage 
relative 


to 
~ 
"fixed" 
known 
reference. 
The 


reference 
is 
selectively 
divided 
by 


mUltiples 
of 
two 
until 
the 
desired 


accuracy 
is 
reached, 
Figure 
1 
is 
a 


flowchart 
of a successive 
approximation 


converter. 
This 
technique 
usually 


requires 
a digital 
to 
analog 
converter 


to 
divide 
the reference voltage 
and a 


voltage 
comparator 
to 
compare 
the 


unknown 
voltage 
to 
·the 
"divided" 


reference. 
Digital 
to 
analog 


converters 
and voltage 
comparators 
are 


readily 
available 
and 
relatively 


inexpensive. 
A block diagram 
of an 8051 


based 
A to 
0 
converter 
is shown 
in 


Figure 
2. 


Many 
industrial 
A to 0 
converters 


require 
12 
bits of 
accuracy. 
A 12 bit 


converter 
provides 
good 
"dynamic 
range" 


and 
is ~apable 
of resolving 
1 part 
in 


4096. 
If 
the 
applied 
input 
voltage 


ranges 
from 
0 
to 10 Volts, 
a 12 
bit 


converter 
can 
resolve 
2.4 
millivolts 


within 
this 
range. 
The 
theoretical· 


accuracy 
of a 12 bit converter 
is .024' 


+/- 
1/2 least significant 
bit. 


The power of the 8051 
in this type 


of 
application 
is 
best 
revealed 
by 


examining 
the 
software 
required 
to 


implement 
the successive 
approximation 


algor ithm. The 
routine 
for 
the 8051 
is 


shown 
in Table 
2. 


The execution 
times given 
assume 
a 


12 
Mhz crystal. 
Compare 
this 
to 
the 


following 
routine which 
is a 4 Mhz 
Z-80 


TABLE 2. 
SUCCESSIVE APPROXIMATION 
ROUTINE FOR THE 8051. 


INSTRUCTION 
BYTES 
TIME 


, 
,CLEAR PORT PINS 
, 
'n 
MOV 
P1,tO 
3 
2 
DIlk. 
ANL 
P2,tOFOH 
3 
2 
, 
,START CONV':RSION 


SETB 
P2.3 
2 
1 


JNB 
P2.4,L1 
3 
2 


CLR 
P2.3 
2 
1 


L1: 
'SETB 
P2.2 
2 
1 


JNB 
P2.4,L2 
) 
2 


CLR 
P2.2 
'2 
1 


110 
L2: 
SETB 
P2.1 
2 
1 


JNB 
P2.4,L3 
3 
2 


CLR 
P2.1 
2 
1 


L3: 
SETB 
P2.0 
2 
1 


JNB 
P2.4,L4 
3 
2 


CLR 
P2.0 
2 
1 


L4: 
SETB 
P1.7 
2 
1 


JNB 
P2.4,LS 
3 
2 


CLR 
-Pl. 7 
2 
1 


LS: 
SETB 
P1.6 
2 
1 


JNB 
P2.4,L6 
3 
2 
"GUlf 1. SueaSSlY£ 
AH'flOUMTlOR 
CLR 
P1.6 
2 
1 
COJIIftlSIOJII Al_STHM 
L6: 
SETB 
Pl.S 
2 
1 


JNB 
P2.4,L7 
3 
2 


CLR 
Pl.S 
2 
1 


L7: 
SETB 
Pl.4 
2 
1 


JNB 
P2.4,L8 
3 
2 
Pl. 
lIT 0 
CLR 
Pl.4 
2 
1 
'1.1 
IlT 1 
L8: 
SETB 
Pl.3 
2 
1 
, 
'1. 
IlT Z 
JNB 
P2.4,L9 
3 
2 
0 
I 
'1. 
IlT I 
CLR 
Pl.3 
2 
1 
T 
'1. 
I" 4 
L9: 
SETB 
Pl.2 
2 
1 
'1. 
IlT S 
JNB 
P2.4,LlO 
3 
2 
'1. 
lIT 
I 
CLR 
Pl.2 
2 
1 
'1. 
IlT 7 
LlO: 
SETB 
Pl.1 
2 
1 
• 


D 
JNB 
P2.4,Lll 
3 
2 
0 
T 
CLR 
Pl.l 
2 
1 
5 
0 
Lll: 
SETB 
Pl.O 
2 
1 
A 
1 
"- 
JNB 
P2.4,Ll2 
3 
2 
I 
1'1• 
CLR 
Pl.O 
2 
1 
• , 
1'1. 
, 


7 
0 
1'1. 
Ll2: 
CONVZRSIONCCMPLETB 
5 
I 
T 
1'1. 
1 
1'1. 


1'1. 
TOTAL 
90 
46 US 
It. 


-.oIl 
KOTIla 'l',IMING 18 nPICAL 
-- 


WORS'l'CASB • 
52 US 
-- 
BBS'l' CASB • 
40 U8 


"_Z. 
IUClt1_ 
• _III 
_ 
••••f1•• 
TOI _ 


executing 
the same algorithm with 
the D 


to 
A hardware 
attached 
to an I/O 
port 


is 
shown 
in Table 
3 
(assume 
that all 


bits on PORT3 are grounded, 
except 
the 


comparator 
ihput). 


TABLE 
3. SUCCESSIVE 
APPROXIMATION 
ROUTINE 
FOR THE Z-80. 


INSTRUCTION 
BYTES 
TIME 


; 
;CLEAR 
PORT PINS 


LD 
1.,0 
2 
1.75 
OUT 
(PORT1),A 
2 
2.75 
OUT 
(PORT2),A 
2 
2.75 


; 
;START CONVERSION 


LD 
A,08B 
2 
1.75 


OUT 
(PORT2),A 
2 
2.75 
IN 
A, (PORT3) 
2 
2.75 
OR 
A 
1 
1.00 
IN 
A, (PORT2) 
2 
2.75 
JP 
Z,Ll 
3 
2.50 
AND 
OF7B 
2 
1.75 


Ll: 
OR 
04B 
2 
1.75 


OUT 
(PORT2),A 
2 
2.75 
IN 
A, (PORT3) 
2 
2.75 
OR 
A 
1 
1.00 
IN 
A, (PORT2) 
2 
2.75 
JP 
Z,L2 
3 
2.50 
AND 
OFBB 
2 
1.75 


L2: 
OR 
028 
2 
1.75 


REPEAT BETWEEN 
Ll AND L2 10 
MORE TIMES 
AND 
SET/RESET THE 
APPROPRIATE 
I/O BITS 


TOTAL 
179 
180 US 


AGAIN 
TIMING 
IS TYPICAL 
WORST CAST 
• 190.25 US 
BEST CASE· 
169.25 US 


One 
aay 
argue 
that 
by 
-ae.ary 


aapping- 
the 
I-80's 
I/O 
ports 
the 


execution 
tiae 
could 
be 
enhanced 


because 
the user 
could 
take 
advantage 


of the I-80's SET 
and RESET ae.ary 
BIT 


instruction.. 
In 
reality, a few bytes 


of ae.ary 
.re saved, 
but 
very 
little 


timel. 
This 
is 
because 
the 
Z-80's 


memory 
oriented 
BIT 
instructions 
are 


VERY 
slow, 
requiring 
between 
3 
and 
5 


microseconds 
with 
a 4 Mhz clockl 


This 
is 
not 
to say .that the Z-80 


isn't a 
credible 
8-bit processor. 
The 


weakness 
is that decisions 
(i.e. JUMPS) 


cannot be made directly 
on the state of 


a given 
I/O pin~ JUMP 
instructions, 
on 


most 
processors, 
are made on the state 


of 
the 
flags 
after 
some 
type 
of 


logical or 
arithmetic 
cperationl 
This 


means 
that 
information 
must be moved 
to 


an 
internal 
CPO 
register 
before 
a 


decision 
can 
be made. This 
-moving- of 


information 
back 
and 
forth 
between 


internal 
registers 
and 
I/O makes 
the 


microprocessor 
quite 
inefficient, 


relative 
to 
the 
microcontroller 
when 


I/O 
manipulation 
is 
involved. 
Note 


that 
with 
the 
8051 
algorithm 
never 


-moves- 
data 
from 
one 
location 
to 


another 
- it directly 
sets, 
tests, 
and 


clears bits. 
This characteristic 
gives 


the 
8051 
its 
distinct 
execution 


advantage. 


Another 
strength 
of 
the 8051 
in 


this 
type of application, 
relates 
to 


the fact that 
I/O port pins can be set, 


cleared, 
complemented, 
and tested 
with 


the same 
speed 
that 
a microprocessor 


can 
act 
on 
it's 
internal registers. 


Note 
that 
the 
8051 
takes 
only 
1 


microsecond 
to 
fetch 
an opcode and 
set 


or·clear 
a 
port 
pin. A 
microprocessor 


must 
first 
fetch 
and decode 
the opcode, 


then 
place 
the 
appropriate 
I/O 
or 


memory 
address 
on 
the bus, then perfor. 


the necessary 
operation. 
All 
of 
this 


-ca.-unication- 
over 
the microprocessor 


bu. 
significantly 
slows 
down 
the 


.icroprocessor. 


Integrating 
A 
to 
D 
converters 


operate 
by 
an 
indirect 
method 
of 


converting 
a voltage 
to a tiae period, 


then aeasuring 
the tiae period 
with 
a 


counter. 
Integrating 
techniques 
are 


quite 
slow, 
relative 
to 
successive 


approxi.ation, 
but 
they are 
capable 
of 


providing 
very 
accurate 
measurements 
- 


5 
1/2 
01' 
.are 
deciaal 
digits 
- if 


proper 
analog 
techniques 
are eaployed. 


They 
also have 
the added 
advantage 
of 


allowing 
the 
integration 
period 
to be a 


aultiple 
of 
60 B. 
(16.67 aa) which 
can 


eliainate 
inaccuracies 
caused by 
the 


ever 
pre ••nt 
-power 
linea. 
Virtually 


all digital 
voltaeters 
use aoae type of 


integrating 
technique. 
Pigure 
3 is 
a 


block dill9r_ 
of a typical 
integrating 


inter 


1"",T 


_____ 
VV 


I 
____..J 


ItFUENC[ 


'101.TAG£ 


!C AUTO zua 


Figures 
4A, 
48, and 
4C 
show the 


three typical 
phases 
involved 
in the 


dual 
slope 
techniq~e. 
Figure 
4A 


illustrates 
the 
auto-zero 
phase. 
In 


this phase 
the integrating 
-loop- 
is 


closed 
and 
the offset 
of 
the 
analog 


integrator 
is 
accumlated 
in 
C 
auto 


zero. In Figure 
48, 
the input switch 
is 


closed 
and the 
integrator 
integrates 


the 
input 
voltage 
for 
a 
fixed 
time 


period 
Tl. In figure 
4C, 
th. r~ference 


switch 
is 
closed 
and 
the 
int&grator 


integrates 
the reference 
voltage 
until 


the comparator 
senses 
a zero crossing 


condition. 
The 
time 
it 
takes 
for this 


phase 
to occur 
is directly 
proportional 


to 
the amplitute 
of the 
input voltage. 


Additional 
circuitry 
can be 
added 
to 


determine 
the 
polarity 
of 
the 
input 


voltage, 
then switch 
in a 
reference 
of 


oppsite 
polarity, 
but 
the 
basic 


technique 
remains 
the same. 


The 
8051 
is an 
ideal controller 


for an intelligent 
integrating 
A 
to 
D 


system. 
The 
16 bit 
timer/counters 
can 


provide 
better 
than 
4 
1/2 
dec i&a1 


digits of accuracy, 
the serial 
port can 


be used to trans.it 
the analog 
reading 


to a 
printer or another 
processor, 
the 


CPO 
can 
be interrupted 
by 
the 60 Hz 


line 
so 
conversions 
can 
start 
at 


percise 
intervals, 
and software 
can be 


used 
to 
calculate 
and 
save 
average, 


peak, or aMS readings. 


Another 
-nice- 
benefit 
of 
this 


type of converter 
is that very 
few I/O 


port pins are required 
to control 
the A 


to D hardware, 
80 opto-holators 
can be 


used to 
caapletely 
isolate 
the 
8051 


IN""----_v_ 
____ 
J 


REF[I[:rt(E 
VOl.TAGl 
!C AUTO lUO 


("fUr 
• 
•• 
'\t'" 
____ 
J 


U'U£IICE 
vOLTAGE 
!C AUTO ZEIlO 


J '_IUD 


inter 


-digital 
syste.- 
fro. 
the 
analog 


hardware. 
Opto-isolatorc 
provide 
an 


additional 
-bonus- in 
that 
they 
.ay 


provide 
logical 
level 
shifting 
if 


needed by the analog circuitry. 
Figure 


5 shows how an 8051 might 
be connected 


to the 
analog sub-system. In practice, 


the 
analog 
switches 
can 
be 
almost 


anything 
ranging fro. 
0I0S 
to WETs. 
The code needed ~o generate the -basic- 
integrating A to D function is shown in 
Table 4. 


Timer interrupts could 
be used so 


that 
the 
CPO 
could 
be 
doing 
other 


things 
while 
the 
conversion 
wa. 
in 


process. Note that very little CPO time 
is needed to 
perform the actual A to D 


function. 


This 
paper 
illustrated 
possible 


methods 
of using 
the 
8051 
in A to D 


-instrumentation- 
types 
of 


applications. The power 
of the 
805l's 


microcontroller architecture relates to 
the 
fact that 
logical -decisions- can 


be made directly 
on the 
state 
of the 


resident I/O 
hardware. This fact alone 


gives the 8051 
a distinct advantage in 


-bit intensive- 
applications. Software 


and hardware suvport tools include 
in- 


circuit 
emulators, an assembler, and a 


high 
level 
language, 
PLM-5l. 


presently, the 8051 is available 
in 
3 


technology 
-flavors-- 
HMOS 
II, HMOS- 


EPROM, and CHMOS, so 
depending on your 


individual application, you can have it 
your way. 


, 
,START PROGRAM 
, 
CLR 
THO 
;TURN TIMER OFF 


; 
MOV 
THO,tHIGB TAZ 
;LOAD AUTO ZERO 


MOV 
TLO,ILOW TAZ 
;TIME 
, 
ANL 
SETB 
SETB 
JNB 


Pl.IOFOH 
P1.2 
TRO 
TFO,$ 


TRO 
TFO 


;MAJCEA/D INACTIVE 
;AUTO ZERO PHASE 
;TURN TIMER ON 
;LOOP TIL OVERFLOW 


; 
CLR 
CLR 
; 
MOV 
MOV 
; 
CLR 
SETB 
SETB 
JNB 


Pl.2 
Pl.l 
TRO 
TFO,$ 


;END AUTO ZERO 
;START INTEGRATION 
;START TIMER 
;WAIT FOR OVERFLOW 


; 
CLR 
Pl.l 
;END INTEGRATION 
, 
, NOW, INTEGRATE THE REFERENCE 
, 
SETB 
PLO 
, 
;AT THIS POINT TIMER 0 HAS A VALUE OF 
;TWO, THE TIMER IS EQUAL TO ZERO, WHEN 
,IT OVERFLOWS AND IT WAS INCREMENTED 
,TWICE DURING 'nIELAST TWO INSTRUCTIONS 
, 
,NOW, WAIT FOR ZERO CROSS 
, 
JNB 
Pl.3,$ 
,. 
,TURN THE TIMER OFF 
, 
CLR 
THO 
, 
,NOW, TIMER 0 - Vin + 3 COUNTS 
, 
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Intel's new ASIC family of microcontroller core cells 
extends the capability of the MCS~-SI product, and 
allows the ASIC designer more flexibility than the pop- 
ular microcontroller 
product. 
This note will discuss 


many of the new design possibilities inherent to the 
80CSI cell-based controller. 
This family of cells is 


available with a variety of RAM and ROM configura- 
tions. 


Cell Name 
ROM 
RAM 


UC51 00 
No ROM 
128 Bytes RAM 


UC5104 
4KROM 
128 Bytes RAM 


UC51 08 
8KROM 
128 Bytes RAM 


UC5116 
16K ROM 
128 Bytes RAM 


UC5200 
No ROM 
256 Bytes RAM 


UC5204 
4KROM 
256 Bytes RAM 


UC5208 
8KROM 
256 Bytes RAM 


UC5216 
16K ROM 
256 Bytes RAM 


Other documentation will address Intel's ASIC design 
environment (see reference section). 


The 8OCSI-based,ASIC cell is part of a family of cell- 
based functions based on popular Intel standard prod- 
ucts. Members of the 82Cxx microprocessor support 
peripheral family (SP82S4, SP8237, SP82S9, SP8284, 
SP82284, SP8288 and SP82288) are also available as 
library elements. The standard product ASIC cores are 
supported by a library of over ISOlogic.cells, represent- 
ing a broad range of SSI, MSI, and I/O functions. An- 
other class of cell library elements is designated Special 
Functions. These cells are predefined complex func- 
tions such as RAM, Serial I/O, AID Converter, and a 
Voltage Comparator. The Special Function and general 
logic element cells can also be used without a standard 
product core in the ASIC design. Any of the available 
80CSI-based cores can be integrated with logic com- 
plexities up to SOOOgates. 


Although the 80CSI-based core is functionally identical 
to the standard 80CSIBH microcontroller, its use as a 
cell in the ASIC library allows more flexibility in sys- 
tem design and partitioning. 


Figure I depicts the difference between the standard 
pinout of the MCS-Sl family and the ASIC core. In 
order to understand the enhancements (in an applica- 
tions sense) made to the core it is useful to compare its 
connections to the pinout of the standard product. 


The MCS-Sl family embodies a very powerful architec- 
ture. While it was intended as a "single chip solution" 


its addressing modes, clean bus interface, on-chip pe- 
ripherals, and code efficient instruction set operations 
make it well suited to processor-like applications as 
well. For processor applications, a designer forgoes 
many of the "single chip" features in favor of the high 
performance CPU functions of this architecture. 


In order to fit the MCS-SI family microcontrollers into 
an economical forty lead DIP or forty-four lead PLCC 
package, Intel designed the standard 
product 
with 


many of the device's functions sharing pins. The micro- 
controller designer must compare necessary functions 
against the economics and performance required for a 
given design. If external memory or memory mapped 
I/O is required, then the use of the port 0 function is 
not available. If the memory address is beyond the 2S6 
byte boundary defined by the ADO- 7 Bus then all or 
part of the port 2 function is not available. Likewise, 
using peripheral functions like the counter input pins, 
~erial I/O, and interrupts eliminates port 3 functions. 
While the MCS-SI family is one of the most popular 
microcontrollers ever introduced, this shared function- 
ality hinders its use in many applications. For example, 
a "fully loaded" MCS-Sl-based design would generally 
leave only one 8-bit port (port 1) for the application's 
I/O requirements. 


The standard cell version of the 80CSI provides the 
designer with 116 signals for connection to application 
specific logic. These signals represent the full function 
set of the MCS-Sl architecture and virtually eliminate 
any design trade-offs required to implement an applica- 
tion. Notice from Figure 1 that all of the I/O ports are 
separated from the other functions. In the design exam- 
ple, the I/O are separated into their respective inputs 
and outputs, leaving 32 inputs and 32 outputs for port 
connections into the application's logic. The most im- 
mediate impact of demultiplexing the I/O of the device 
is that much of the logic required to complete an appli- 
cation is eliminated. For example, when separating the 
address from the data on the AD-bus, an octal latch is 
required. For an 8OCSI-based core application, the de- 
signer uses the AO-7 bus directly, thus saving approxi- 
mately 100 gates. The fact that the 8OCSI-based core 
has so many connections available does not mean an 
application will be forced into higher pin count pack- 
ages. A 8OCSI-based ASIC can implement many sys- 
tem functions more economically than a discrete imple- 
mentation. 
The design example illustrates 
a system 


with over 280 interconnects that can be integrated into 
one ASIC device. This application note will illustrate 
the less obvious ways in which the core can be used. 


The illustrations shown in this note are independent of 
the workstation platform used to implement the design. 


Intel provides the complete test vectors necessary to 
test the 8OCS1-basedASIC core, which have been de- 
rived from the standard product 80CSI test vector set. 
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When designing the 8OC51-based ASIC core, Intel re- 
moved the pin multiplexers and I/O functions of the 
8OC5l, and restructured 
them as companion 
cells. 
Companion cells allow the ASIC designer to reconfig- 


ure the ASIC cell to function exactly like the standard 
product. Alternatively, the designer can choose to re- 
construct a subset of the standard product I/O or select 
no reconstruction 
at all. Consult the references for 


more information about the use and function of Intel's 
companion cells. 


inter 


Key to the 8OCSI's core-isolation test method is the 
ability to put the core into a condition that can verify 
the processor without the user's logic affecting the test. 
ERST is vital to controlling the ability to put the core 
based ASIC into test mode. It must be brought directly 
from the core to a package pin. Interface is via the 
PRESET companion cell. Because a dedicated reset pin 
may be restrictive in many applications, a second reset 
connection, RESET, has been included. 


Including this second reset connection allows the de- 
signer to simplify the overall ASIC design. Many appli- 
cations require two sources of reset, usually a power- 
on-clear with a watchdog timer. Previously, the design- 
er was faced with "ORing" an RC time constant circuit 
with the timer logic, resulting in an implementation 
which was not straightforward or cost effective. Figure 
2 shows an 8OCSI-based ASIC implementation. 


A system reset, in many designs, employs an active low 
logic level. Since the 8OCSI's reset requires an active 
high level, there is usually an inverter in the path to the 
microcontroller. It was mentioned earlier in this section 
that ERST must be brought directly from the core to a 
package pin. This is not entirely true; the inclusion of 
the inverter is allowed. 


1/0 EXPANSION 
WITH THE 
80C51-BASED 
CORE 


For the standard MCS-Sl product, the need for I/O 
expansion is often due to the need for external memory 
and/or 
port expansion. The designer's use of the on- 
chip peripherals (eg. Serial I/O or Interrupts) 
often 


leaves only Port I intact. 
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Figure 3 depicts one case where the 8OC51can gain an 
expanded set of I/O ports. In addition to requiring ad- 
ditional package pins, this implementation 
would re- 


quire more power supply capacity and passive compo- 
nents (bypass capacitors) than would be necessary if the 
I/O expansion were to be included on-chip with the 
microcontroller. Not only is PC board size decreased, 
but the overall system reliability increases with the 
ASIC solution. In addition, the 8255 port expander, 
being a highly flexible device, requires software to con- 
figure the device to the application. 


The simplest way to add I/O ports with the core is by 
way of a direct connection from the core's IP or OP 
signals through I/O functions selected from the cell li- 
brary and connected to package pins. See Figure 4. In 
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this example, decoding is very simple and the compo- 
nent count is minimal. 
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code efficient way to implement I/O with the core. Pro- 
gram code is composed of MOV operations rather than 
the MOVX needed for any Memory mapped I/O im- 
plementations. Logical operations to the port (ANL, 
ORL, XRL) can still be used. It is not necessary to 
update or maintain indirect pointers. Since quasi"bidi- 
rectional cells are not used, it is not necessary to set a 
"I" to the port in order to set these cells. Eliminating 
MOVX and port setup operations could result in signif- 
icant codespace savings. 


The drawback to the direct approach is that program 
code written for the 8OC51using memory mapped I/O 
is not directly transportable to the core design. In most 
cases, however, implementing I/O expansion that al- 
lows code transportability 
is a simple task with a 


8OC51-based ASIC. 


Most support peripherals are designed to be configura- 
ble for many different operating conditions. This is cer- 
tainly true for a device like the 8255 as well; the port 
signals can be programmed as inputs, outputs, or bidi- 
rectional. In most applications the peripheral's setup is 
never changed after initialization. Port pins are set to 
either input, output or I/O. The peripheral's configura- 
tion is most often "set up" with data fields sent to a 
configuration or command register. This register is lo- 
cated at one of the peripheral's 
selectable addresses. 
For a cell-based implementation where code transpor- 
tability is required, recreating an 8255-like function is 
straightforward. 
Since all setup information is written 


to one register and setup is not required because the 
port signal directions are fixed, that one register can 
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one 8-bit input port, and one 8-bit output port, both 
memory-mapped. 
Note that while the 8255 contains 


three 8-bit ports, an ASIC can be implemented with the 
exact amount of functionality desired. 


Implementing the full function set of the 8255 would 
result in an increased gate count (550 gates) included 
on the 8OC51-based ASIC. While 550 gates can easily 
be included on the same silicon chip, implementing the 
"exact functionality" version using elements from the 
cell library would consume only 100 gates. 


In many designs, the built-in crystal oscillator of the 
8OC5I is not utilized because the clock signal must be 
used for other system functions. However, the clock to 
the 8OC5I still must be generated and driven into the 
Xl/X2 
pins. A clock generator is required somewhere 


in the system and is also used to clock many of the 
system functions surrounding the microcontroller. 


For 8OC51-basedASIC designs, all clocking functions, 
including the clock generator, can be brought on-chip. 
The advantages to doing so include enhanced reliability 
and a less costly, more noise free design. Clock genera- 
tion is accomplished by the companion cell POSC (or 
POSC2 for frequencies between 16 MHz and 38 MHz) 
which can be used to drive the TICLK input connec- 
tion to the core. The POSC output can be sent to user 
defined logic configured to generate other necessary 


inter 


clocks in a system. Where the POSC cell fan out is high 
and might cause concerns about clock edge skew, a cell 
like BUF2 can be used. For systems where it is required 
that the signal be brought off-chip (formerly off-board), 
the on-chip generated clocks can be sent to output cells 
and on to package pins. Figure 6 depicts generation 
flexibility and clock source for a 8OC5l-based ASIC 
design. 


Figure 6 illustrates a design which requires a high fre- 
quency clock to operate on a section of user-defined 
logic. For this, cell POSC2 is selected for the ASIC 
design and is set to 24 MHz. In order to meet clock 
specifications for the core, this 24 MHz master clock is 
divided down in order to provide the required 12 MHz. 
As discussed in the 8OC5l-based ASIC data sheet, the 
ATE must be able to drive the core's clock directly. For 
test modes, the ATE-generated clock is driven to the 
core's TICLK connection. 


Note that signal P2 is shown being used for the applica- 
tion's clocks. It is sent to other logic in the ASIC and to 
a package pin as well. 


In order for Automatic Test Equipment (ATE) to exer- 
cise the 8OC5l-based ASIC, the bus EADB must be 
brought directly to package pins. A specially designed 
I/O 
cell, PADB, must be directly connected to the 


EADB bus to ensure testability of the core as well as 
the user's logic. 


Requiring the EADB bus to appear as package pins 
does not impose any design restrictions on 8OC51-based 
ASICs designed to access external memory or peripher- 
als. If your design does not call for the EADB to access 
external memory peripherals, the EADB may be multi- 
plexed with user I/O. Contact your Intel Technology 
Center for the best implementation for your applica- 
tion. 


Intel supplies all test programs required to completely 
test the ASIC core cell. Designers are required to sup- 
ply test vectors that exercise their unique logic only. 
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OBSERVING 
THE CONTENTS 


OF THE PROGRAM 
COUNTER 


The 8OC51-based ASIC core connections AO-AI5 
al- 


ways display the contents of the program counter (ex- 
cept in the case of MOVX instructions.) This feature 
allows another level of real time control by monitoring 
instruction events within the core. By attaching com- 
parator circuitry to the program counter contents, sig- 
nals can be generated to depict events within the pro- 
gram. Figure 7 shows such a circuit. 


The discussions in this note are not intended to be an 
exhaustive summary of the range of design possibilities 
available to the ASIC designer. Rather, it is hoped that 
it encourages the thought process toward even more 
innovative uses. 


The following is an example of an actual system prob- 
lem and how it was resolved using a 80C51-based 
ASIC. The example utilizes many of the techniques dis- 
cussed above. 


Figure 8 shows a typical MCS-51-based design, which 
includes a port expander, timer/counter 
chip, a high 


speed event counter and a low-cost EPROM containing 
stable code. In this application, the 8031 controls a sys- 
tem based on numerous timed events. Many high speed 
clocks are involved, making for a potentially noisy envi- 
ronment, and a watchdog timer has been included to 
provide for soft recoveries if the microprocessor pro- 
gram flow is upset. The watchdog circuitry is shown as 
a high level block. 


The design must take an accurate sample of events des- 
ignated at the EVENT input. The 16-bit count is read 
and processed under a timed interrupt designated by 
and generated from one of the 8254 Timers. The coun- 
ter chain must be clocked at 24 MHz in order for 
unique and accurate event samples to occur. 


Another 8254 counter is programmed for single-shot 
mode to provide for a strobe window for some circuitry 
external to the PCB assembly. An 8-bit parallel data 
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Figure 7. Signal which Designates when 
Program Execution Is In Upper 8K ROM 


input is required. The system must control peripherals 
external to this main assembly, resulting in a require- 
ment for address decoder selection. 


Note that adequate bypass capacitors are required due 
to the clock speeds and the high number of pin connec- 
tions. (There are 272 pins, not including the WDT and 
Oscillator Blocks.) A multilayer PCB is also required to 
compensate for the amount of wires needed to connect 
all the components. 


Figure 9 depicts the 8OC51-basedASIC solution for the 
design in Figure 8. Note that all of the circuitry in 
Figure 8 is included on a single ASIC chip. Rather than 
use memory-mapped I/O, the design has been convert- 
ed to use the core's direct ports. Note that the 8255 
function has been removed and instead the UC5116 
port connections are used. Some minor software chan~- 
es are required, and signals required to access off-chip 
program memory have been provided. This figure doc:s 
not show all test pin requirements; however, no addi- 
tional package pins will be required. For this example, 
the designer could begin production 
runs with an 


EPROM. Once the application code stabilized, it could 
be developed and submitted to Intel for incorporation 
into the core. In this example, most of the high speed 
signals are contained within the ASIC, making the 
watchdog timer unnecessary. If needed, the overall cost 
of including it on the ASIC (= 500 gates) makes the 
functions relatively inexpensive to keep. 


Overall system pin requirements 
have decreased as 


well. This 8OC51-basedASIC can be produced using a 
68-pin PLCC which may reduce the bypass capacitor 
requirements as well as the need for a multilayer PCB. 
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A Fast-Turnaround, 
Easily Testable ASIC 


Chip for Serial Bus Control 


Don Ellis and Shailesh Trivedi 


This 
paper 
describes 
the 
standard 
cell 
ASIC 


design 
methodology 
for 
a serial 
bus 
controller 


chip. 
This 
is a prototype 
CMOS 
chip 
which 
was 


designed 
in 
19 weeks 
for 
an automotive 


application. 
The 
chip 
includes 
testability 


circuits 
which 
help 
attain 
98% 
fault 
coverage. 


Fast-turnaround 
chip 
design 
has 
become 


important 
in the 
application-specific 
integrated 


circuit 
(ASIC) 
marketplace, 
where 
low production 


volumes 
preclude 
long 
design 
cycles. 
To address 


this 
market, 
the 
ASIC 
design 
methodology 
relies 


upon 
automatic 
layout 
software 
to generate 
fast 


chip 
layouts, 
at the 
expense 
of 
larger 
die 
sizes 


and 
somewhat 
lower 
performance. 
Pre-designed 


standard 
circuit 
cells 
eliminate 
the 
need 
for 


extensive 
circuit 
simulation, 
further 
shortening 


the design 
cycle. 
These 
design 
techniques 
can 
produce 
fast 
prototype 
chips 
for 
system 


demonstration 
and 
debug, 
or 
production 
parts 
for 


low-volume 
applications. 
Intel's 
Automotive 
Operation 
in Chandler, 
Arizona 
recently 
employed 
standard 
cell 
ASIC 


technology 
to produce 
a prototype 
serial 
bus 


controller 
chip 
for 
an automotive 
customer. 
In 


this 
paper 
we 
will 
describe 
the 
design 
methodology 


used 
to meet 
the 
19-week 
design 
schedule 
for 
this 


chip, 
along 
with 
the 
testability 
strategy 
which 


was 
implemented 
in order 
to achieve 
a 98% 
fault 


grade. 


The 
serial 
bus 
controller 
is a standard 
cell 


CMOS 
chip 
that 
interfaces 
a microprocessor 
to a 


serial 
cOll'lllunicationbus 
in an 
automobile. 
The 


chip 
performs 
both 
transmit 
and 
receive 
functions. 


The 
transmit 
function 
consists 
of 
a first-in, 


first-out 
(FIFO) 
data 
buffer 
feeding 
a 


parallel-in, 
serial-out 
(PISO) 
shift 
register, 
and 


Intel Corp 


Chandler, AZ 


the 
receive 
function 
consists 
of 
a serial-in, 


parallel-out 
(SIPO) 
shift 
register 
drivinll one 


port 
of 
a dual-port 
random 
access 
memory 
(OPRAM). 


The 
block 
diagram 
is shown 
in Figure 
1. 


The 
transmit 
function 
requires 
a decidedly 


non-standard 
64 
x 18 bit 
FIFO 
buffer. 
This 
is 


constructed 
with 
a 64 
x 18 bit 
RAM 
and 
two 
address 


counters, 
as 
shown 
in Figure 
2. 
The 
standard 
cell 


library 
did 
not 
contain 
a 64 
x 18 bit 
RAM 
cell, 
so 


we 
had 
to construct 
it using 
an existing 
64 
x 8 


RAM 
cell. 
We modified 
this 
cell, 
adding 
two more 


bits 
to create 
a 64 
x 10 RAM 
cell, 
then 
connected 
it in parallel 
with 
the 
original 
64 x 8 RAM, 
thus 


extending 
the 
word 
length 
to 
18 bits. 
Before 
the 


64 x 10 RAM 
cell 
could 
be 
added 
to the 
standard 


cell 
library, 
we 
had 
to 
fully 
characterize 
it 


using 
circuit 
simulation, 
like 
every 
other 
cell 
in 


the 
library. 
Two 
additional 
RC delay 
cells 
were 


also 
created 
to generate 
RAM 
read 
and 
write 


timings 
in the 
absence 
of microprocessor 
control 


signals. 
The 
receive 
function 
requires 
a lK x 8 bit 


dual-port 
RAM, 
but 
the 
standard 
cell 
library 


contained 
only 
single-port 
RAM 
cells. 


Fortunately, 
no cell 
modifications 
were 
necessary 


in this 
case. 
We 
used 
the 
existing 
lK x 8 RAM 


cell, 
multiplexing 
its data 
and 
address 
buses 
to 


simulate 
dual-port 
operation, 
as 
shown 
in Figure 


3. 
RAM 
read 
and 
write 
timings 
are 
once 
again 


generated 
using 
the 
RC delay 
cells 
mentioned 


above. 
The 
final 
chip 
was 
manufactured 
in both 


single-layer 
metal 
(SLM) 
and 
double-layer 
metal 


(DLM) 
versions 
on 
a 1.5 micron 
CMOS 
process, 


resulting 
in a 355 
x 294 
mil 
chip 
with 
68 
I/O 


pins. 
It consists 
of 
3 RAM 
arrays 
(9.3K 
bits 


total) 
and 
about 
3,000 
logic 
gates 
of control 


logic, 
for 
a total 
of 
76,735 
transistors. 
Of 
the 


8,715 
transistors 
contributed 
by 
the 
control 


logic, 
11% belong 
to testability 
circuits 
which 


were 
added 
to 
increase 
the 
testability 
of 
the 
chip 


(i.e., 
shorten 
test 
prOliram development 
time 
and 


tester 
run 
tille). 
The 
testability 
strategy 
will 


be discussed 
later. 
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The 
19 week 
design 
schedule 
for this 
chip 


dictated 
the 
use 
of design 
automation 
tools. 
Since 
the 
chip 
included 
3 large 
RAH 
arrays, 
gate 


arrays 
were 
impractical, 
so standard 
cells 
were 


used 
with 
automatic 
placement 
and 
routing 


software. 
The 
automatically 
generated 
layout 
was 


transferred 
into 
Intel's 
full 
custom 
design 
system 


for some 
final 
edits, 
and 
the 
usual 
design 
rule 


checking 
and 
verification 
procedures 
were 
followed 


prior 
to mask 
making 
and 
processing. 


A standard 
cell 
design 
usually 
proceeds 


through 
the 
following 
steps: 


1. Translation 
of the 
logic 
into 
standard 
cells. 
2. Schematic 
capture 
into 
a computer 
database. 


3. Extraction 
of a cell 
interconnection 
"netlist". 


4. Logic 
and 
timing 
simulation. 


5. Automatic 
layout 
generation. 


6. Parasitic 
extraction 
and 
re-simulation. 


The entire 
design 
procedure 
is outlined 
in Figure 


4, and 
each 
step 
is described 
briefly 
below. 


Our 
first 
task 
was 
to translate 
our 


customer's 
board-level 
schematics 
into 
a logic 


design 
consisting 
of subcircuits 
from 
the 
standard 


cell 
library. 
Since 
the 
customer's 
schematics 


referenced 
IC packages 
only, 
this 
involved 
the 


detailed 
design 
of 
the 
FIfO 
and 
OPRAH 
blocks 


(described 
above). 
A major 
part 
of the 
task 
was 


STANDARD 
RAM 
PORTl 
DATA 


PORT2 
DATA 


DPRAM 
CONTROL 


the design 
of the 
extra 
standard 
cells 
mentioned 


above, 
with 
their 
characterization 
and 
inclusion 
in the cell 
library. 


We performed 
schematic 
capture 
on a Daisy 


Personal 
Logician 
(PC-AT 
based) 
workstation, 
where 


each 
of the 
standard 
cells 
was 
available 
as a 


basic 
circuit 
element. 
We 
"compiled" 
each 


schematic 
separately 
to verify 
its 
integrity, 
then 


linked 
them 
together 
into 
a complete 
design 


database. 
Finally, 
we generated 
a "netlist", 
or 


device 
interconnection 
list, 
from 
this 
database. 


This 
netlist 
served 
as 
input 
to 
Intel's 
logic 


simulator 
on our 
VAX, 
which 
we 
used 
to verify 


design 
correctness. 
The 
logic 
simulator 
flagged 


several 
timing 
and 
glitch 
problems 
which 
were 


corrected 
before 
proceeding 
to 
layout. 


We performed 
layout 
generation 
using 
the 


CAL-MP 
program 
from 
Silvar-Lisco. 
Working 
from 


the 
netlist, 
the 
program 
placed 
the 
three 
RAM 


arrays 
according 
to our 
instructions, 
then 


arranged 
the 
remaining 
standard 
cells 
in rows 


according 
to 
its own 
optimization 
algorithm. 
At 


this 
point 
prior 
to signal 
routing, 
we 
instructed 


the 
program 
to further 
iterate 
its optimization 


steps, 
as we manually 
modified 
several 
cell 


placements 
from 
the 
graphics 
terminal. 
Once 
all 


cell 
placements 
were 
determined, 
the 
program 


performed 
signal 
and 
power 
routing 
automatically. 


intel 


The 
CAL-MP 
program 
accepted 
layout 


constraints 
in a variety 
of 
forms. 
In addition 
to 
the 
netlist 
information, 
we 
defined 
pad 
placements 
and 
the 
number 
of 
standard 
cell 
rows, 
and 
constrained 
a few 
critical 
signals 
(such 
as 
clocks) 
to two 
vertical 
metal 
buses 
traversing 
the 


right 
and 
left 
sides 
of the 
chip. 
Furthermore, 
several 
unconstrained 
signals 
were 
assigned 
numerical 
"strengths" 
greater 
than 
the 
default 
of 


1.0, 
which 
weighted 
their 
consideration 
in the 
optimization 
algorithm, 
tending 
to shorten 
the~. 


We 
ultimately 
generated 
more 
than 
20 
layouts 
wlth 
widely 
varying 
signal 
strengths, 
until 
we were 
satisfied 
that 
very 
little 
further 
improvement 
was 
possible. 


PARASITIC 
EXTRACTION 


After 
a layout 
is generated, 
it must 
be 
proven 
to work 
in the 
presence 
of 
parasitic 
resistances 
and 
capacitances 
contributed 
by 
the 


signal 
interconnects. 
These 
parasitics 
are 
extracted 
from 
the 
layout 
and 
added 
to 
the 
net1ist 
for 
a post-layout 
simulation 
cycle. 
In principle, 
each 
iterated 
layout 
should 
be 
re-slmu1ated, 
but 
after 
about 
10 layout 
generations 
we 
could 
easily 


predict 
simulation 
performance 
from 
the 
raw 


parasitic 
values. 
Because 
the 
first 
version 
of this 
chip 
was 


fabricated 
in single-layer 
metal 
with 
a great 
deal 


of po1ysi1icon 
in~erconne:tion, 
par~sit~c.s~ries 


resistances 
were 
Just 
as 
lmportant 
ln 11mltlng 


performance 
as are 
parasi~ic 
capacita~ce~. 


Unfortunately, 
series 
reslstors 
a~e 
dlfflcu1t 
to 


systematically 
insert 
into 
a net11st, 
so we 
had 
to 


simulate 
the 
resulting 
RC delays 
using 
Intel's 


circuit 
simulator. 
For 
the 
double-layer 
metal 


version, 
we 
could 
safely 
ignore 
series 
r~istances 


since 
the 
metal 
sheet 
resistance 
is three 
orders 


of magnitude 
smaller 
than 
that 
of 
po1ysi1icon. 


Our 
test 
goal 
for 
this 
part 
was 
a 98% 
fault 


grade, 
and 
since 
this 
was 
a fast-turnaround 


project 
with 
little 
time 
for 
test 
program 
.. 


development, 
we 
included 
a variety 
of 
testabl11ty 


circuits 
on 
the 
chip. 
An 
added 
benefit 
to this 


,approach 
was 
that 
thetestability 
circuits 


simplified 
our 
debugg,ng 
procedures. 
ThlS 


strategy 
ultimately 
paid 
off, 
because 
we 
were 
able 


to quickly 
isolate 
and 
correct 
a RAM 
timing 


problem 
on the 
first 
silicon. 
Since 
this 
chip 
has 
a relatively 
small 
node 


count, 
we 
adopted 
an 
"ad 
hoc" 
rather 
than 


"structured" 
testability 
strategy. 
This 
means 


that 
we 
added 
test 
circuits 
on 
a case 
by 
case 


basis 
to 
improve 
the 
controllability 
and 
observability 
of 
the 
overall 
chip, 
rather 
than 


implementing 
a scan 
path, 
a built-in 
self 
test, 
or 


some 
other 
more 
elaborate 
scheme. 
Ad 
hoc 
testabl1ity 
design 
is appropriate 
for 
small 
chips 


having 
relatively 
low 
transistor/p~n 
ratios .. This 


chip 
has 
8,715 
transistors 
(excl~dlng 
th?se 
In.the 


RAMs) 
versus 
68 
pins, 
for 
a translstor/pln 
ratlo 


of 
128. 
In contrast, 
Intel's 
80386 
microprocessor 


has 
275,000 
transistors 
versus 
132 
pins 
for 
a 


ratio 
of 2,083, 
clearly 
requiring 
structured 
testability 
techniques. 
Two 
pins 
are 
allocated 
for 
test 
purposes, 


which 
are 
used 
to 
select 
among 
four 
modes: 
a 


normal 
operating 
mode, 
and 
three 
test 
modes. 
This 


test 
mode 
strategy 
is shown 
in Figure 
5. 
The 
test 


modes 
are 
used 
to partition 
the 
chip 
into 
three 


isolated 
subcircuits 
to be 
tested 
independently. 


In each 
mode, 
signals 
with 
poor 
visibility 
internal 
to the 
active 
subcircuit 
are 
brought 
out 


to the 
pads, 
and 
the 
non-active 
subcircuits 
are 


turned 
off 
by disabling 
their 
clock 
inputs. 
The 


test 
program 
can 
then 
exercise 
the 
active 
circuit 


with 
the 
goal 
of 
toggling 
each 
internal 
node 
for 


maximum 
fault 
coverage. 
Eleven 
of 
the 
28 chip 
inputs 
provide 
test 


inputs 
in the 
three 
test 
modes, 
and 
16 of 
the 
23 


chip 
outputs 
serve 
double 
duty 
as 
test 
outputs. 


Although 
input 
pins 
can 
be 
connected 
to 
several 


internal 
test 
points 
in parallel 
(usually 


multiplexer 
inputs), 
only 
one 
signal 
at 
a time 
can 


drive 
an output 
pin. 
These 
outputs 
are 
multiplexed 
using 
three 
stages 
of 
2:1 
multiplexers 


(one 
for each 
mode), 
and 
the 
outputs 
are 
collected 


into 
a 16 bit 
"test 
bus" 
which 
circumnavigates 
the 


chip. 


CLOCK 
MODE 


DECODER 
BLOCK 
2 
RESET 


'N••••••. 
PINS 
"""'. 
TESTl 
SELECT2 


TESm 


TEST BLOCK 
3 


CLOD<' 


RESET3 
'N••••••. 


"""'. 
SHEcn 


RAM 
testability 
is a special 
case, 
because 
a 


RAM 
is inherently 
fully 
testable 
provided 
its data 


and address 
buses 
are 
accessible, 
along 
with 
the 


necessary 
control 
signals. 
The 
difficulty 
here 
is 


that 
the 
RAMs 
are 
embedded 
in functional 
blocks 


which, 
especially 
in the 
FIFO, 
tends 
to disguise 


the 
inherent 
RAM 
accessibility. 
Inside 
the 
OPRAM, 
the 
IK x 8 RAM 
is read 


directly 
by the microprocessor 
using 
the 
external 
data 
and 
address 
buses, 
so observability 
is no 


problem. 
Writes, 
however, 
occur 
from 
the 
SIPO 


during 
serial 
reception. 
It would 
be partIcularly 


painful 
to test 
a IK RAM 
using 
serial 
writes, 
so a 


modification 
was 
necessary 
to 
improve 
RAM 


controllability. 
In test 
mode, 
the 
address 


multiplexer 
is held 
to the 
address 
bus 
by 
. 
overriding 
the 
select 
line, 
and 
a set 
of elght 


extra 
multiplexers 
were 
added 
to the 
data 


demultiplexer 
to allow 
bidirectional 
data 
!low. 


into 
and 
out 
of the 
RAM. 
Thus, 
the 
SIPO 
Clrcult 


is completely 
bypassed 
in test 
mode. 
The 
FIFO 
RAM 
is addressed 
by one 
of two 


counters 
in the 
operating 
mode, 
which 
presents 
a 


problem 
unless 
we 
are willing 
to accept 
sequential 


test 
addressing, 
or at 
least 
a very 
complex 


address 
setup 
procedure. 
The 
solution 
was 
to 


override 
the 
address 
bus with 
a multiplexer 
fed 
by 


input 
pin 
signals. 
The data 
bus 
presented 
the 


sa~ 
prob1e. 
as the 
OPRAH, 
but 
in reverse: 
data 


is written 
by the microprocessor 
using 
the 


external 
buses, 
but 
reads 
are 
serialized 
in the 


PISO. 
We decided 
that 
serial 
output 
was 


acceptable 
in FIFO 
test 
mode, 
however, 
because 
t~e 


FIFO 
has 
only 
64 
locations 
to test 
(versus 
1024 
In 


the OPRAM) , and 
the words 
are 
18 bits 
long, 
which 


would 
require 
18 extra 
mu1tlplexers. 
Thus, 
for 


the 
FIFO 
data, 
we 
left well 
enough 
alone. 


CONCLUSION 


This 
serial 
bus 
controller 
chip 
was 
designed 


using 
ASIC 
techniques 
in a very 
short 
time, 


resulting 
in a quick 
prototype 
chIp 
WhlCh 
o~r 


automotive 
customer 
could 
use 
to evaluate 
h,S 


system 
design 
in a timely 
manner. 
The 
inclusion 


of testability 
circuits 
further 
shortened 
the 


engineering 
debug 
ti'!M!as we~l 
as ~he 


manufacturing 
test 
tIme. 
ThIS 
proJect 


demonstrates 
that 
standard 
cell 
design 
is an 


attractive 
fast-turnaround 
methodology, 
and 
that 
a 


good 
testability 
strategy 
provides 
ad~itiona1 


benefits 
which 
outweigh 
the 
extra 
desIgn 
effort. 
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The UPI-452 targets the leading problem in peripheral 
to host interfacing, the interface of a slow peripheral 
with a fast Host or "bus utilization". The solution is 
data buffering to reduce the delay and overhead of 
transferring data between the Host microprocessor and 
I/O subsystem. The Intel CMOS UPI-452 solves this 
problem by combining a sophisticated programmable 
FIFO buffer and a slave interface with an MSC-51 
based microcontroller. 


The UPI-452 is Intel's newest Universal Peripheral In- 
terface family member. The UPI-452 FIFO buffer en- 
ables Host-peripheral 
communications to be through 


streams or bursts of data rather than by individual 
bytes. In addition the FIFO provides a means of em- 
bedding commands within a stream or block of data. 
This enables the system designer to manage data and 
commands to further off-load the Host. 


The UPI-452 interfaces to the iAPX 286 microproces- 
sor as a standard Intel slave peripheral device. READ, 
WRITE, CS and address lines from the Host are used 
to access all of the Host addressable UPI-452 Special 
Function Registers (SFR). 


The UPI-452 combines an MSC-51 microcontroller, 
with 256 bytes of on-chip RAM and 8K bytes of 
EPROM/ROM, twice that of the 80C51,a two channel 
DMA controller and a sophisticated 128 byte, two 
channel, bidirectional FIFO in a single device. The 
UPI-452 retains all of the 8OC51architecture, and is 
fully compatible with the MSC-51 instruction set. 


This application note is a description of an iAPX 286 to 
UPI-452 slave interface. Included is a discussion of the 
respective timings and design considerations. This ap- 
plication note is meant as a supplement to the UPI-452 
Advance Data Sheet. The user should consult the data 
sheet for additional details on the various UPI-452 
functions and features. 


UPI-452 
iAPX 286 SYSTEM 
CONFIGURATION 


The interface described in this application note is 
shown in Figure I, iAPX 286 UPI-452 System Block 
Diagram. The iAPX 286 system is configured in a local 
bus architecture design. DMA between the Host and 
the UPI-452 is supported by the 82258 Advanced 
DMA Controller. The Host microprocessor accessesall 
UPI-452 externally addressable registers through ad- 
dress decoding (see Table 3, UPI-452 External Address 
Decoding). The timings and interface descriptions be- 
low are given in equation form with examples of specif- 
ic calculations. The goal of this application note is a set 
of interface analysis equations. These equations are the 
tools a system designer can use to fully utilize the fea- 
tures of the UPI-452 to achieve maximum system per- 
formance. 


HOST-UPI-452 
FIFO SLAVE 


INTERFACE 


The UPI-452 FIFO acts as a buffer between the exter- 
nal Host 80286and the internal CPU. The FIFO allows 
the Host - peripheral interface to achieve maximum de- 
coupling of the interface. Each of the two FIFO chan- 
nels is fully user programmable. The FIFO buffer en- 
sures that the respective CPU, Host or internal CPU, 
receives data in the same order as transmitted. Three 
slave bus interface handshake methods are supported 
by the UPI-452; DMA, Interrupt and Polled. 


The interface between the Host 80286and the UPI-452 
is accomplished with a minimum of signals. The 8 bit 
data bus plus READ, WRITE, CS, and AO-2provide 
access to all of the externally addressable UPI-452 reg- 
isters including the two FIFO channels. Interrupt and 
DMA handshaking pins are tied directly to the inter- 
rupt controller and DMA controller respectively. 


DMA transfers between the Host and UPI-452 are con- 
trolled by the Host processors DMA controller. In the 
example shown in Figure I, the Host DMA controller 
is the 82258 Advanced DMA Controller. An internal 
DMA transfer to or from the FIFO, as well as between 
other internal elements, is controlled by the UPI-452 
internal DMA processor. The internal DMA processor 
can also transfer data between Input and Output FIFO 
channels directly. The description that follows details 
the UPI-452 interface from both the Host processor's 
and the UPI-452's internal CPU perspective. 


One of the unique features of the UPI-452 FIFO is its 
ability to distinguish between commands and data em- 
bedded in the same data block. Both interrupts and 
status flags are provided to support this operation in 
either direction of data transfer. These flags and inter- 
rupts are triggered by the FIFO logic independent of, 
and transparent to either the Host or internal CPUs. 
Commands embedded in the data block, or stream, are 
called Data Stream Commands. 


Programmable FIFO channel Thresholds are another 
unique feature of the UPI-452. The Thresholds provide 
for interrupting the Host only when the Threshold 
number of bytes can be read or written to the FIFO 
buffer. This further decouples the Host UPI-452 inter- 
face by relievingthe Host of polling the buffer to deter- 
mine the number of bytes that can be read or written. It 
also reduces the chances of overrun and underrun er- 
rors which must be processed. 


The UPI-452 also provides a means of bypassing the 
FIFO, in both directions, for an immediate interrupt of 
either the Host or internal CPU. These commands are 
called Immediate Commands. A complete description 
of the internal FIFO logic operation is given in the 
FIFO Data Structure section. 
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The UPI-452 at power-on reset automatically performs 
a minimum initialization of itself. The UPI-452 notifies 
the Host that it is in the process of initialization by 
setting a Host Status SFR bit. The user UPI-452 pro- 
gram must release the UPI-452 from initialization for 
the FIFO to be accessible by the Host. This is the mini- 
mum Host to UPI-452 initialization sequence. All fur- 
ther initialization and configuration of the UPI-452, in- 
cluding the FIFO, is done by the internal CPU under 
user program control. No interaction or programming 
is required by the Host 80286 for UPI-452 initializa- 
tion. 


At power-on reset the UPI-452 automatically enters 
FIFO DMA Freeze Mode by resetting the Slave Con- 
trol (SLCON) SFR FIFO DMA Freeze/Normal 
Mode 


bit to FIFO DMA Freeze Mode (FRZ = "0"). This 
forces the Slave Status (SSTAT) and Host 
Status 
(HSTAT) SFR FIFO DMA Freeze/Normal 
Mode bits 


to FIFO DMA Freeze Mode In Progress. FIFO DMA 
Freeze Mode allows the FIFO interface to be config- 
ured, by the internal CPU, while inhibiting Host access 
to the FIFO. 


The MODE SFR is forced to zero at reset. This dis- 
ables, (tri-states) the DRQIN/INTRQIN, 
DRQOUT/ 
INTRQOUT 
and INTRQ output pins. INTRQ is in- 


hibited from going active to reflect the fact that a Host 
Status SFR bit, FIFO DMA Freeze Mode, is active. If 
the MODE 
SFR 
INTRQ 
configure bit is enabled 


(= 'I'), before the Slave Control and Host Status SFR 
FIFO DMA Freeze/Normal 
Mode bit is set to Normal 


Mode, INTRQ will go active immediately. 


The first action by the Host following reset is to read 
the UPI-452 Host Status SFR FreezelNormal 
Mode 


bit to determine the status of the interface. This may be 
done in response to a UPI-452 INTRQ interrupt, or by 
polling the Host Status SFR. Reading the Host Status 
SFR resets the INTRQ line low. 


Any of the five FIFO interface SFRs, as well as a vari- 
ety of additional features, may be programmed by the 
internal CPU following reset. At power-on reset, the 
five FIFO Special Function Registers are set to their 
default values as listed in Table 1. All reserved location 
bits are set to one, all other bits are set to zero in these 
three SFRs. The FIFO SFRs listed in Table I can be 
programmed only while the UPI-452 is in FIFO DMA 
Freeze Mode. The balance of the UPI-452 SFRs default 
values and descriptions are listed in the UPI-452 Ad- 
vance Data Sheet in the Intel Microsystems Compo- 
nent Handbook Volume II and Microcontroller Hand- 
book. 


The above sequence is the minimum UPI-452 internal 
initialization required. The last initialization instruction 
must always set the UPI-452 to Normal Mode. This 
causes the UPI·452 to exit Freeze Mode and enables 


Host read/write access of the FIFO. The internal CPU 
sets the Slave Control (SLCON) SFR FIFO 
DMA 


Freeze/Normal 
Mode (FRZ) bit high (= I) to activate 


Normal Mode. Ths causes the Slave Status (SSTAT) 
and Host Status (HSTAT) SFR FIFO DMA Freeze 
Mode bits to be set to Normal Mode. Table 2, UPI-452 
Initialization Event Sequence Example, shows a sum- 
mary of the initialization events described above. 


Table 
1. FIFO Special Function 
Register 
Default 
Values 


SFRName 
Label 
Reset 
Value 


Channel Boundary Pointer 
CBP 
40H/64D 


Output Channel Read Pointer 
ORPR 
40H/64D 


Output Channel Write Pointer 
OWPR 
40H/64D 


Input Channel Read Pointer 
IRPR 
OOH/OD 


Input Channel Write Pointer 
IWPR 
OOH/OD 


Input Threshold 
ITH 
OOH/OD 


Output Threshold 
OTH 
01H/1D 


Table 2. UPI·452 
Initialization 
Event Sequence 
Example 


Event Description 
SFR/blt 


Power-on Reset 


UPI-452 forces FIFO DMA 
SLCON FRZ = 0 


Freeze Mode (Host access to 
FIFO inhibited) 


UPI-452 forces Slave Status and 
SSTAT SST5 = 0 


Host Status SFR to FIFO DMA 
HSTAT HST1 = 1 


Freeze Mode In Progress 


UPI-452 forces all SFRs, 
including FIFO SFRs, to default 
values. 


• UPI-452 user program enables 
MODE MD4 = 1 


INTRa, INTRa goes active, high 


• Host READ's UPI-452 Host 
Status (HSTAT) SFR to 
determine interrupt source, 
INTRa goes low 


• UPI-452 user program initializes 
any other SFRs; FIFO, Interrupts, 
Timers/Counters, 
etc. 


User program sets Slave Control 
SLCON FRZ = 1 


SFR to Normal Mode (Host 
access to FIFO enabled) 


UPI-452 forces Slave and Host 
SSTAT SST5 = 1 


Status SFRs bits to Normal 
HSTAT HST1 = 0 


Operation 


• Host polls Host Status SFR to 
determine when it can access the 
FIFO 
- or- 
• Host waits for UPI-452 Request 
for Service interrupt to access 
FIFO 


inter 


The UPI-452 provides three means of communication 
between the Host microprocessor and the UPI-452 in 
either direction; 


Data 
Data Stream Commands 
Immediate Commands 


Data and Data Stream Commands (DSC) are trans- 
ferred between the Host and UPI-452 through the UPI- 
452 FIFO buffer. The third, Immediate Commands, 
provides a means of bypassing the FIFO entirely. These 
three data types are in addition to direct access by ei- 
ther Host or Internal CPU of dedicated Status and 
Control Special Function Registers (SFR). 


The FIFO appears to both the Host 80286 and the in- 
ternal CPU as 8 bits wide. Internally the FIFO is logi- 
cally nine bits wide. The ninth bit indicates whether the 
byte is a data or a Data Stream Command (DSC) byte; 
o = data, I = DSC. The ninth bit is set by the FIFO 
logic in .response to the address specified when writing 
to the FIFO by either Host or internal CPU. The FIFO 
uses the ninth bit to condition the UPI-452 interrupts 
and status flags as a byte is made available for a Host or 
internal CPU read from the FIFO. Figures 2 and 3 
show the structure of each FIFO channel and the logi- 
cal ninth bit. 


It is important to note that both data and DSCs are 
actually entered into the FIFO buffer (see Figures 2 
and 3). External addressing of the FIFO determines the 
state of the internal FIFO logic ninth bit. Table 3 shows 
the UPI-452 External Address Decoding used by the 
Host and the corresponding action. The internal CPU 
interface to the FIFO is essentially identical to the ex- 
ternal Host interface. Dedicated internal Special Func- 
tion Registers provide the interface between the FIFO, 
internal CPU and the internal two channel DMA proc- 
essor. FIFO read and write operations by the Host and 
internal CPU are interleaved by the UPI-452 so they 
appear to be occurring simultaneously. 


The ninth bit provides a means of supporting two data 
types within the FIFO buffer. This feature enables the 
Host and UPI-452 to transfer both commands and data 
while maintaining the decoupled interface a FIFO buff- 
er provides. The logical ninth bit provides both a means 
of embedding commands within a block of data and a 
means for the internal CPU, or external Host, to dis- 
criminate between data and commands. Data or DSCs 
may be written in any order desired. Data 
Stream 


Commands can be used to structure or dispatch the 
data by defining the start and end of data blocks or 
packets, or how the data following a DSC is to be pro- 
cessed. 


A Data Stream Command (DSC) acts as an internal 
service routine vector. The DSC generates an interrupt 
to a service routine which reads the DSC. The DSC 
byte acts as an address vector to a user defined service 
routine. The address can be any program or data memo 
ory location with no restriction on the number of DSCs 
or address boundaries. 


A Data Stream Command (DSC) can also be used to 
clear data from the FIFO or "FLUSH" the FIFO. This 
is done by appending a DSC to the end of a block of 
data entered in the FIFO which is less than the pro- 
grammed threshold number of bytes. The DSC will 
cause an interrupt, if enabled, to the respective receiv- 
ing CPU. This ensures that a less than Threshold num- 
ber of bytes in the FIFO will be read. Two conditions 
force a Request for Service interrupt, if enabled, to the 
Host. The first is due to a Threshold number of bytes 
having been written to the FIFO Output channel; the 
second is if a DSC is written to the Output FIFO chan- 
nel. If less than the Threshold number of bytes are writ- 
ten to the Output FIFO channel, the Host Status SFR 
flag will not be set, and a Request for Service interrupt 
will not be generated, if enabled. By appending a DSC 
to end of the data block, the FIFO Request for Service 
flag and/or interrupt will be generated. 


An example of a FIFO Flush application is a mass stor- 
age subsystem. The UPI-452 provides the system inter- 
face to a subsystem which supports tape and disk stor- 
age. The FIFO size is dynamically changed to provide 
the maximum buffer size for the direction of transfer. 
Large data blocks are the norm in this application. The 
FIFO Flush provides a means of purging the FIFO of 
the last bytes of a transfer. This guarantees that the 
block, no matter what its size, will be transmitted out of 
the FIFO. 


Immediate Commands allow more direct communica- 
tion between the Host processor and the UPI-452 by 
bypassing the FIFO in either direction. The Immediate 
Command IN and OUT SFRs are two more unique 
address locations externally and internally addressable. 
Both DSCs and Immediate Commands have internal 
interrupts and interrupt priorities associated with their 
operation. The interrupts are enabled or disabled by 
setting 
corresponding 
bits 
in 
the 
Slave 
Control 


(SLCON), Interrupt 
Enable (1EC), Interrupt 
Priority 


(IPC) and Interrupt Enable and Priority (IEP) SFRs. A 
detailed description of each of these may be found in 
the UPI-452 Advance Information Data Sheet. 
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INPUT 
,1,0 
CHANNEL 


INTERNAL CPU 
(DATA PROCESSOR) 


inter 


OUTPUT 
FIFO 
CHANNEL 


INTERNAL CPU 
(DATA PROCESSOR) 


'I' 
. 
. 


, 
, 


DACK 
CS 
A2 
A1 
AD 
READ 
WRITE 
1 
1 
X 
X 
X 
No Operation 
No Operation 
1 
0 
0 
0 
0 
Data or DMA from 
Data or DMA to 
Output FIFO Channel 
Input FIFO Channel 


1 
0 
0 
0 
1 
Data Stream Command 
Data Stream Command 
from Output FIFO 
to Input FIFO 
Channel 
Channel 
1 
0 
0 
1 
0 
Host Status SFR 
Reserved 
Read 
1 
0 
0 
1 
1 
Host Control SFR 
Host Control SFR 


Read 
Write 
1 
0 
1 
0 
0 
Immediate 
Command 
Immediate 
Command 
SFR Read 
SFRWrite 
1 
0 
1 
1 
X 
Reserved 
Reserved 
0 
X 
X 
X 
X 
DMA Data from 
DMA Data to Input 


Output FIFO Channel 
FIFO Channel 


Below is a detailed description of each FIFO channel's 
operation, including the FIFO logic response to the 
ninth bit, as a byte moves through the channel. The 
description covers each of the three data types for each 
channel. The details below provide a picture of the vari- 
ous FIFO features and operation. By understanding the 
FIFO structure and operation the user can optimize the 
interface to meet the requirements of an individual de- 
sign. 


This section covers the data path from the internal 
CPU to the HOST. Data Stream Command or Immedi- 
ate Command processing during Host DMA Opera- 
tions is covered in the DMA section. 


The internal CPU writes data and Data Stream Com- 
mands into the FIFO through the FIFO OUT (FOUT) 
and Command OUT (COUT) SFRs. When a Thresh- 
old number of bytes has been written, the Host Status 
SFR Output FIFO Request for Service bit is set and an 
interrupt, if enabled, is generated to the Host. Either 
the INTRQ 
or DRQOUT /INTRQOUT 
output pins 


can be used for this interrupt 
as determined by the 


MODE and Host Control (HCON) SFR setting. The 
Host responds to the Request for Service interrupt by 
reading the Host Status (HSTAT) SFR to determine 
the source of the interrupt. The Host then reads the 
Threshold number of bytes from the FIFO. The inter- 
nal CPU may continue to write to the FIFO during the 
Host read of the FIFO Output channel. 


inter 


Data Stream Commands may be written to the Output 
FIFO channel at any time during a write of data bytes. 
The write instruction need only specify the Command 
Out (COUT) SFR in the direct register instruction 
used. Immediate Commands may also be written at any 
time to the Immediate Command OUT (IMOUT) SFR. 
The Host reads Immediate Commands from the Imme- 
diate Command OUT (IMOUT). 


The internal CPU can determine the number of bytes to 
write to the FIFO Output channel in one of three ways. 
The first, and most efficient, is by utilizing the internal 
DMA processor which will automatically manage the 
writing of data to avoid Underrun or Overrun Errors. 
The second is for the internal CPU to read the Output 
FIFO channels Read and Write Pointers and compare 
their values to determine the available space. The third 
method for determining the available FIFO space is to 
always write the programmed channel size number of 
bytes to the Output FIFO. This method would use the 
Overrun Error flag and interrupt to haIt FIFO writing 
whenever the available space was less than the channel' 
size. The interrupt service routine could read the chan- 
nel pointers to determine or monitor the available chan- 
nel space. The time required for the internal CPU to 
write data to the Output FIFO channel is a function of 
the individual instruction cycle time and the number of 
bytes to be written. 


The Host reads data or Data Stream Commands (DSC) 
from 
the 
FIFO 
in 
response 
to 
the 
Host 
Status 


(HSTAT) SFR flags and interrupts, 
if enabled. All 


Host read operations access the same UPI-452 internal 
I/O 
Buffer Latch. At the end of the previous Host 


FIFO read cycle a byte is loaded from the FIFO into 
the I/O Buffer Latch and Host Status (HSTAT) SFR 
bit 5 is set or cleared (l = DSC, 0 = data) to reflect 
the state of the byte's FIFO ninth bit. If the FIFO ninth 
bit is set (= 
I) indicating a DSC, an interrupt is gener- 


ated 
to 
the 
external 
Host 
via 
INTRQ 
pin 
or 


INTRQIN/INTRQOUT 
pins as determined by Host 


Control (HCON) SFR bit I. The Host then reads the 
Host Status (HSTAT) SFR to determine the source of 
the interrupt. 


The most efficient Host read operation of the FIFO 
Output channel is through the use of Host DMA. The 
UPI-452 fully supports external DMA handshaking. 
The MODE and Host Control SFRs control the config- 
uration of UPI-452 Host DMA handshake outputs. If 
Host DMA is used the Threshold Request for Service 
interrupt 
asserts 
the 
UPI-452 
DMA 
Request 


(DRQOUT) 
output. 
The Host DMA 
processor ac- 


knowledges with DACK which acts as a chip select of 
the FIFO channels. The DMA transfer would stop 
when either the threshold byte count had been read, as 
programmed in the Host DMA processor, or when the 
DRQOUT output is brought inactive by the UPI-452. 


This section covers the data path from the HOST to the 
internal CPU or internal DMA processor. The details 
of Data Stream Command or Immediate Command 
processing during internal DMA operations are cov- 
ered in the DMA section below. 


The Host writes data and Data Stream Commands into 
the FIFO through the FIFO IN (FIN) and Command 
IN (CIN) SFRs. When a Threshold number of bytes 
has been read out of the Input FIFO channel by the 
internal CPU, the Host Status SFR Input FIFO Re- 
quest for Service bit is set and an interrupt, if enabled, 
is generated to the Host. The Input FIFO Threshold 
interrupt tells the Host that it may write the next block 
of data into the FIFO. Either the INTRQ or DRQIN/ 
INTRQIN output pins can be used for this interrupt as 
determined by the MODE and Host Control (HCON) 
SFR settings. The Host may continue to write to the 
FIFO Input channel during the internal CPU read of 
the FIFO. Data Stream Commands may be written to 
the FIFO Input channel at any time during a write of 
data bytes. Immediate Commands may also be written 
at any time to the Immediate Command IN (IMIN) 
SFR. 
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The Host also has three methods for determining the 
available FIFO space. Two are essentially identical to 
that of the internal CPU. They involve reading the 
FIFO Input channel pointers and using the Host Status 
SFR Underrun and Overrun Error flags and Request 
for Service interrupts these would generate, if enabled 
in combination. The third involves using the UPI-452 
Host DMA controller handshake signals and the pro- 
grammed Input FIFO Threshold. The Host would re- 
ceive a Request for Service interrupt when an Input 
FIFO channel has a Theshold number of bytes able to 
be written by the Host. The Host service routine would 
then write the Threshold number of bytes to the FIFO. 


If a Host DMA is used to write to the FIFO Input 
channel, the Threshold Request for Service interrupt 
could assert the UPI-452 DRQIN output. The Host 
DMA processor would assert DACK and the FIFO 
write would be completed by Host the DMA processor. 
The DMA transfer would stop when either the Thresh- 
old byte count had been written or the DRQIN output 
was removed by the UPI-452. Additional details on 
Host and internal DMA operation is given below. 


At the end of an internal CPU read cycle a byte is 
loaded from the FIFO butTerinto the FIFO IN/Com- 
mand IN SFR and Slave Status (SSTAT) SFR bit I is 
set or cleared (I = data, 0 = DSC) to reflect the state 
of the FIFO ninth bit. If the byte is a DSC, the FIFO 
ninth bit is set (= I) and an interrupt is generated, if 
enabled, to the Internal CPU. The internal CPU then 
reads the Slave Status (SSTAT) SFR to determine the 
source of the interrupt. 


Immediate Commands are written by the Host and 
read by the internal CPU through the Immediate Com- 
mand IN (IMIN) SFR. Once written, an Immediate 
Command sets the Slave Status (SSTAT) SFR flag bit 
and generates an interrupt, if enabled, to the internal 
CPU. In response to the interrupt the internal CPU 


CHANNEL 
BOUNDRY -+ 


POINTER 


(CBP) 


FIFO 
INPUT 
CHANNEL 


FIFO 
OUTPUT 
CHANNEL 


reads the Slave Status (SSTAT) SFR to determine the 
source of the interrupt and servicethe Immediate Com- 
mand. 


The Host does not have direct control of the FIFO 
Input or Output channel sizes or configuration. The 
Host can, however, issue Data Stream Commands or 
Immediate Commands to the UPI-452 instructing the 
UPI-452 to reconfigure the FIFO interface by invoking 
FIFO DMA Freeze Mode. The Data Stream Com- 
mand or Immediate Command would be a vector to a 
service routine which performs the specificreconfigura- 
tion. 


The default power-on reset FIFO channel sizesare list- 
ed in the "Initialization" section and can be set only by 
the internal CPU during FIFO DMA Freeze Mode. 
The FIFO channel size is selected to achieve the opti- 
mum application performance. The entire 128 byte 
FIFO can be allocated to either the Input or Output 
channel. In this case the other channel consists of a 
single SFR; FIFO IN/Command IN or FIFO OUT/ 
Command OUT SFR. Figure 4 shows a FIFO division 
with a portion devoted to each channel. Figure 5 shows 
a FIFO configuration with all 128bytes assigned to the 
Output channel. 


The FIFO channel Threshold feature allows the user to 
match the FIFO channel size and the performance of 
the internal and Host data transfer rates. The pro- 
grammed Threshold provides an elasticity to the data 
transfer operation. An example is if the Host FIFO 
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HOST CPU ---.f 
FIFO IN SFR 
~ 


CHANNEL 
BOUNDRY -+ 
POINTER 
(CBP) 
FIfO 
INPUT 
CHANNEL 


data transfer rate is twice as fast as the internal FIFO 
DMA data transfer rate. In this example the FIFO In- 
put channel size is programmed to be 64 bytes and the 
Input channel Threshold is programmed to be 20 bytes. 
The Host writes the first 64 bytes to the Input FIFO. 
When the internal DMA processor has read 20 bytes 
the Threshold interrupt, or DMA request (DRQIN), is 
generated to signal the Host to begin writing more data 
to the Input FIFO channel. The internal DMA proces- 
sor continues to read data from the Input channel as 
the Host, or Host DMA processor, writes to the FIFO. 
The Host can write 40 bytes to the FIFO Input chan- 
nels in the time it takes for the internal DMA processor 
to read 20 more bytes from it. This will keep both the 
Host and internal DMA operating at their maximum 
rates without forcing one to wait for the other. 


Two methods of managing the FIFO size are possible; 
fixed and variable channel size. A fixed channel size is 
one where the channel is configured at initialization 
and remains unchanged throughout program execution. 
In a variable FIFO channel size, the configuration is 
changed dynamically to meet the data transmission re- 
quirements as needed. An example of a variable chan- 
nel size application is the mass storage subsystem de- 
scribed earlier. To meet the demands of a large data 
block transfer the FIFO size could be fully allocated to 
the Input or Output channel as needed. The Thresholds 
are also reprogrammed 
to match the respective data" 


transfer rates. 


An example of a fixed channel size application might be 
one which uses the UPI-452 to directly control a series 
of stepper motors. The UPI-452 manages the motor 
operation and status as required. This would include 
pulse train, acceleration, 
deceleration and feedback. 
The Host transmits motor commands to the UPI-452 in 
blocks of 6-10 bytes. Each block of motor command 
data is preceded by a command to the UPI-452 which 
selects a specific motor. The UPI-452 transmits blocks 
of data to the Host which provides motor and overall 
system status. 
The data 
and embedded 
commands 


structure, indicating the specific motor, is the same. In 


this example the default 64 bytes per channel might be 
adequate for both channels. 


Interrupts enable the Host UPI-452 FIFO buffer inter- 
face and the internal CPU FIFO buffer interface to 
operate with a minimum of overhead on the respective 
CPU. Each CPU is "interrupted" 
to service the FIFO 


on an as needed basis only. In configuring the FIFO 
buffer Thresholds and choosing the appropriate inter- 
nal DMA Mode the user must take into account the 
interrupt response time for both CPUs. These response 
times will affect the DMA transfer rates for each chan- 
nel. By choosing FIFO channel Thresholds which re- 
flect both the respective DMA transfer rate and the 
interrupt response time the user will achieve the maxi- 
mum data throughput and system bus decoupling. This 
in turn will mean the overall available system bus band- 
~idth will increase. 


The following section describes the FIFO interrupt in- 
terface to the Host and internal CPU. It also describes 
an analysis of sample interrupt response times for the 
Host and UPI-452 internal CPU. These equations and 
the example times shown are then used in the DMA 
section to further analyze an optimum Host UPI-452 
interface. 


Interrupts to the Host processor are supported by the 
three 
UPI-452 
output 
pins; 
INTRQ, 
DRQIN/ 


INTRQIN 
and DRQOUT/INTRQOUT. 
INTRQ is a 


general purpose Request For Service interrupt output. 
DRQIN/INTRQIN 
and DRQOUT/INRQOUT 
pins 


are multiplexed to provide two special "Request for 
Service" FIFO interrupt request lines when DMA is 
disabled. A FIFO Input or Output channel Request for 
Service interrupt is generated based upon the value pro- 
grammed in the respective channel's Threshold SFRs; 
Input 
Threshold 
(lTHR), 
and 
Output 
Threshold 


inter 


(OTHR) SFRs. Additional interrupts are provided for 
FIFO 
Underrun 
and Overrun 
Errors, 
Data Stream 


Commands 
and Immediate Commands. Table 4 lists 


the eight UPI-452 interrupt sources as they appear in 
the HSTAT SFR to the Host processor. 


Table 
4 UPI·452 to Host 
Interrupt 
Sources 


HSTAT 
Interrupt 
Source 
SFR Bit 


HST7 
Output FIFO Underrun 
Error 


HST6 
Immediate 
Command 
Out SFR Status 


HST5 
Data Stream Command/Data 
at Output 


FIFO Status 


HST4 
Output FIFO Request 
for Service Status 


HST3 
Input FIFO Overrun 
Error Condition 


HST2 
Immediate 
Comamnd 
In SFR Status 


HST1 
FIFO DMA FreezelNormal 
Mode 


Status 


HSTO 
Input FIFO Request 
for Service 


The interrupt response time required by the Host proc- 
essor is application and system specific. In general, a 
typical sequence of Host interrupt ~esponse eve~ts a~d 
the approximate times associated wIth each are hsted m 
Equation 1. 


The 
example 
assumes 
the 
hardware 
configuration 


shown in Figure 1, iAPX 2861UPI-452 Block Diagram, 
with an 8259A Programmable 
Interrupt 
Controller. 
The timing analysis in Equation 1 also assumes the fol- 
lowing; no other interrupt is either in process or pend- 
ing, nor is the 286 in a LOCK condition. The current 
instruction completion time is 8 clock cycles (800 ns @ 
10 MHz), or 4 bus cycles. The interrupt service routine 
first executes a PUSHA instruction, PUSH All General 
Registers, to save all iAPX 286 internal registers. This 
requires 19 clocks (or 2.0 J.Ls@ 10 MHz), or 10 bus 
cycles (rounded to complete bus cycle). The next serv- 
ice routine instruction reads the UPI-452 Host Status 
SFR to determine the interrupt source. 


It is important to note that any UPI-452 INTRQ inter- 
rupt service routine should ALWAYS mask for the 
Freeze Mode bit first. This will insure that Freeze 
Mode always has the highest priority. This win also 
save the time required to mask for bits which are forced 
inactive during 
Freeze 
Mode, before checking 
the 


Freeze Mode bit. Access to the FIFO channels by the 
Host is inhibited during Freeze Mode. Freeze Mode is 
covered in more detail below. 


To initiate the interrupt 
the UPI-452 activates the 


INTRQ output. The interrupt acknowled~e sequence 
requires two bus cycles, 400 ns (10 MHz IAPX 286), 
for the two INT A pulse sequence. 


Equation 
1. Host Interrupt 
Response 
Time 


Bus 


Action 
Time 
Cycles. 


Current instruction 
execution 
completion 
INTA sequence 
Interrupt 
service routine (time 
to host first READ of UPI-452) 


Total Interrupt 
Response 
Time 


800 ns 
400 ns 


2000 ns 


2.3 J.Ls 


NOTE: 


10 MHz iAPX 286 bus cycle, 200 ns each 


The internal CPU FIFO interrupt interface is essential- 
ly identical to that of the Host to the FIFO. T~ree 
internal interrupt sources support the FIFO operatIon; 
FIFO-Slave bus Interface Buffer, DMA Channel 0 and 
DMA Channel 1 Requests. These interrupts provide a 
maximum decoupling of the FIFO buffer and the inter- 
nal CPU. The four different internal DMA 
Modes 


available add flexibility to the interface. 


The FIFO-Slave Bus Interface interrupt 
response is 


also similar to the Host response to an INTRQ Request 
for Service interrupt. The internal CPU responds to the 
interrupt by reading the Slave Status (SSTAT) SFR to 
determine the source of the interrupt. This allows the 
user to prioritize the Slave Status flag response to meet 
the users application needs. 


The internal interrupt response time is dependent on 
the current instruction execution, whether the interrupt 
is enabled, and the interrupt priority. In general, to fin- 
ish execution of the current instruction, respond to the 
interrupt request, push the Program Counter (PC) and 
vector to the first instruction of the interrupt service 
routine requires from 38 to 86 oscillator periods (2.38 
to 5.38 J.Ls@ 16 MHz). If the interrupt is due to an 
Immediate Command or DSC, additional time is re- 
quired to read the Immediate Comm~nd or I?SC SF~ 
and vector to the appropriate 
servIce routme. ThIS 


means two service routines back to back. One service 
routine to read the Slave Status (SSTAT) SFR to deter- 
mine the source of the Request for Service interrupt, 
and second the service routine pointed to by the Imme- 
diate Command or DSC byte read from the respective 
SFR. 


DMA is the fastest and most efficient way for the Host 
or internal CPU to communicate with the FIFO buffer. 
The UPI-452 provides support for both of these DMA 
paths. The two DMA paths and operations are fully 
independent of each other and can function simulta- 
neously. While the Host DMA processor is performing 
a DMA transfer to or from the FIFO, the UPI-452 
internal DMA processor can be doing the same. 


Below are descriptions of both the Host and internal 
DMA operations. Both DMA paths can operate asyn- 
chronously and at different transfer rates. In order to 
make the most of this simultaneous asynchronous oper- 
ation it is necessary to calculate the two transfer rates 
and accurately match their operations. Matching the 
different transfer rates is done by a combination of ac- 
curately programmed FIFO channel size and channel 
Thresholds. This provides the maximum Host and in- 
ternal CPU to FIFO buffer interface decoupling. Below 
is a description of each of the two DMA operations and 
sample calculations for determining transfer rates. The 
next section of this application note, "Interface Laten- 
cy", details the considerations involved in analyzing ef- 
fective transfer rates when the overhead associated with 
each transfer is considered. 


DMA transfers between the Host and UPI-452 FIFO 
buffer are controlled by the Host CPU's DMA control- 
ler, and is independent of the UPI-452's internal two 
channel DMA processor. The UPI-452's internal DMA 
processor supports data transfers between the UPI-452 
internal RAM, external RAM (via the Local Expansion 
Bus) and the various Special Function Registers includ- 
ing the FIFO Input and Output channel SFRs. 


The maximum DMA transfer rate is achieved by the 
minimum DMA transfer cycle time to accomplish a 
source to destination move. The minimum Host UPI- 
452 FIFO DMA cycle time possible is determined by 
the READ and WRITE pulse widths, UPI-452 com- 
mand recovery times in relation to the DMA transfer 
timing and DMA controller transfer mode used. Table 
5 shows the relationship between the iAPX-286, iAPX- 
186 and UPI-452 for various DMA as well as non- 
DMA byte by byte transfer modes versus processor fre- 
quencies. 


Host processor speed vs wait states required with UPI- 
452 running at 16 MHz: 


I Clure ;). n081 Ur-'"40;t 


Data Transfer Performance 


Walt States: 
DMA: 
Processor & 
Back to Back 
Two 


Speed 
READ/ 
Single 
Cycle 


WRITE's 
Cycle 


iAPX-186· 
8MHz 
0 
N/A· 
0 


10 MHz 
0 
N/A· 
0 


12.5 MHz 
1 
N/A· 
0 


iAPX-286·· 
6 MHz 
0 
0 
0 


8MHz 
1 
1 
0 


10 MHz 
2 
2 
0 


NOTES: 
• iAPX186 On-chipDMAprocessor is two cycle operation 


only. 


•• iAPX286 assumes 82258 ADMA(or other DMA)run- 


ning286 bus cycles at 286 clock rate. 


In this application note system example, shown in Fig- 
ure I, DMA operation is assumed to be two bus cycle 
I/O to memory or memory to I/O. Two cycle DMA 
consists of a fetch bus cycle from the source and a store 
bus cycle to the destination. The data is stored in the 
DMA controller's registers before being sent to the des- 
tination. Single cycle DMA transfers involve a simulta- 
neous fetch from the source and store to the destina- 
tion. As the most common method of I/O-memory 
DMA operation, two cycle DMA transfers are the fo- 
cus of this application note analysis. Equation 2 illus- 
trates a calculation of the overall transfer rate between 
the FIFO buffer and external Host for a maximum 
FIFO size transfer. The equation does not account for 
the latency of initiating the DMA transfer. 


Equation 2. Host FIFO DMA Transfer 


Rate-Input 
or Output Channel 


2 
Cycle DMATransfer-I/O 
(UPI-452) to System 


Memory 
FIFO channel size· (DMAREAD/WRITE 


FIFO time + DMAWRITE/READ Memory 
Time) 
128 bytes· (200 ns + 200 ns) 
51.2 J.Ls 
256 bus cycles· 


NOTES: 


·10 MHz iAPX 286, 200 ns bus cycles. 


The UPI-452 design is optimized for high speed DMA 
transfers between the Host and the FIFO buffer. The 


' 
1 
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TCC 
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~ 
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UPI-452 internal FIFO buffer control logic provides 
the necessary synchronization 
of the external Host 


event and the internal 
CPU machine cycle during 


UPI-452 RDIWR accesses. This internal synchroniza- 
tion is addressed by the TCC AC specification of the 
UPI-452 shown in Figure 6. TCC is the time from the 
leading or trailing edge of a UPI-452 RDIWR to the 
same edge of the next UPI-452 RDIWR. 
The TCC 


time is effectively another way of measuring the system 
bus cycle time with reference to UPI-452 accesses. 


In the iAPX-286 10MHz system depicted in this appli- 
cation note the bus cycle time is 200 ns. Alternate cycle 
accesses of the UPI-452 during two cycle DMA opera- 
tion yields a TCC time of 400 ns which is more than the 
TCC minimum time of 375 ns. Back to back Host 
UPI-452 READIWRITE 
accesses may require wait 


states as shown in Table 5. The difference between 10 
MHz iAPX·186 and 10 MHz iAPX 286 required wait 
states is due to the number of clock cycles in the respec- 
tive bus cycle timings. The four clocks in a 10 MHz 
iAPX 186 bus cycle means a minimum TCC time of 
400 ns versus 200 ns for a 10 MHz iAPX 286 with two 
clock cycle zero wait state bus cycle. 


DMA handshaking between the Host DMA controller 
and the UPI-452 is supported by three pins on the UPI- 
452; 
DRQIN/INTRQIN, 
DRQOUT/INTRQOUT 


and DACK. The DRQIN/INTRQIN 
and DRQOUT/ 


INTRQOUT outputs are two multiplexed DMA or in- 
terrupt request pins. The function of these pins is con- 
trolled by MODE 
SFR bit 6 (MD6). DRQIN 
and 


DRQOUT provide a direct interface to the Host system 
DMA 
controller 
(see Figure 
1). In response to a 


DRQIN or DRQOUT request, the Host DMA control- 
ler initiates control of the system bus using HLD/ 
HLDA. The FIFO Input or Output channel transfer is 
accomplished with a minimum of Host overhead and 
system bus bandwidth. 


The third handshake signal pin is DACK which is used 
as a chip select during DMA data transfers. The UPI- 
452 Host READ and WRITE input signals select the 
respective Input 
and Output 
FIFO 
channel during 


DMA transfers. The CS and address lines provide 
DMA acknowledge for processors with onboard DMA 
controllers which do not generate a DACK signal. 


The iAPX 286 Block I/O Instructions provide an alter- 
native to two cycle DMA data transfers with approxi- 
mately the same data rate. The String Input and Out- 
put instructions (INS & OUTS) when combined with 
the Repeat (REP) prefix, modifies INS and OUTS to 
provide a means of transferring blocks of data between 
I/O and Memory. The data transfer rate using REP 
INS/OUTS 
instructions is calculated in the same way 


as two cycle DMA transfer times. Each READ 
or 


WRITE would be 200 ns in a 10 MHz iAPX 286 sys- 
tem. 
The 
maximum 
transfer 
rate 
possible 
is 2.5 


MBytes/second. 
The Block I/O 
FIFO 
data transfer 


calculation is the same as that shown in Equation 2 for 
two cycle DMA data transfers including TCC timing 
effects. 


During a Host DMA write to the FIFO, if a DSC is to 
be written, the DMA transfer is stopped, the DSC is 
written and the DMA restarted. During a Host DMA 
read from the FIFO, if a DSC is loaded into the I/O 
Buffer Latch the DMA request, DRQOUT, will be de- 
activated 
(see Figure 
2 above). 
The 
Host 
Status 


(HSTAT) SFR Data Stream Command bit is set and 
the INTRQ interrupt 
output goes active, if enabled. 


The Host responds to the interrupt as described above. 


Symbol 
Description 
Var.Osc. 
@16MHz 


TCC 
Command 
Cycle 
6· 
Tcici 
375 ns min 
Time 
TRV 
Command 
Recovery 
75 
75 ns min 
Time 


inter 


Once INTRQ 
is deactivated 
and the DSC has been read 
by the Host, 
the DMA 
request, 
DRQOUT, 
is reassert- 


ed by the 
UPI-452. 
The 
DMA 
request 
then 
remains 


active 
until 
the transfer 
is complete 
or another 
DSC is 
loaded 
into the 110 Buffer Latch. 


An Immediate 
Command 
written 
by the internal 
CPU 


during 
a Host 
DMA 
FIFO 
transfer 
also 
causes 
the 
Host Status 
flag and INTRQ 
to go active if enabled. 
In 


this case the Immediate 
Command 
would not terminate 


the DMA 
transfer 
unless 
terminated 
by the Host. 
The 
INTRQ 
line remains 
active 
until 
the 
Host 
reads 
the 
Host 
Status 
(HST A T) SFR 
to determine 
the source 
of 


the interrupt. 


The 
net effect of a Data 
Stream 
Command 
(DSC) 
on 
DMA 
data 
transfer 
rates is to add an additional 
factor 


to the data 
transfer 
rate equation. 
This added 
factor 
is 


shown 
in Equation 
3. An Immediate 
Command 
has the 


same effect on the data 
transfer 
rate if the Immediate 


Command 
interrupt 
is recognized 
by the Host during 
a 
DMA 
transfer. 
If the DMA 
transfer 
is completed 
be- 


fore the Immediate 
Command 
interrupt 
is recognized, 
the effect on the DMA 
transfer 
rate depends 
on wheth- 
er the block being transmitted 
is larger 
than 
the FIFO 


channel 
size. 
If 
the 
block 
is 
larger 
than 
the 
pro- 
grammed 
FIFO 
channel 
size the transfer 
rate depends 


on whether 
the Immediate 
Command 
flag or interrupt 


is recognized 
between 
partial 
block transfers. 


The FIFO 
configuration 
shown 
in Equation 
3 is arbi- 


trary since there is no way of predicting 
the size relative 


to when 
a DSC 
would 
be loaded 
into 
the I/O 
Buffer 
Latch. 
The 
Host 
DMA 
rate 
shown 
is for a UPI-452 


(Memory 
Mapped 
or 
110) 
to 
286 
System 
Memory 


transfer 
as described 
earlier. 
The equations 
do not ac- 


count 
for the latency 
of intiating 
the DMA 
transfer. 


Equation 
3. Minimum host FIFO DMA Transfer 


Rate Including 
Data Stream 
Command(s) 


Minimum 
Host/FIFO 
DMA Transfer 
Rate wi DSC 


FIFO size' 
Host DMA 2 cycle time transfer 
rate 


+ iAPX 286 interrupt 
response 
time (Eq. # 1) 


(32 bytes' 
(200 ns + 200 ns)) + 2.3 ,...S 


15.1 ,...S 
75.5 bus cycles (@10 MHz iAPX286, 
200 ns 


bus cycle) 


The 
two identical 
internal 
DMA 
channels 
allow 
high 


speed data transfers 
from one UPI-452 
writable 
memo- 


ry space 
to another. 
The 
following 
UPI-452 
memory 


spaces can be used with internal 
DMA 
channels: 


Internal 
Data 
Memory 
(RAM) 


External 
Data 
Memory 
(RAM) 


Special 
Function 
Registers 
(SFR) 


The FIFO 
can be accessed 
during 
internal 
DMA 
opera- 


tions 
by specifying 
the 
FIFO 
IN 
(FIN) 
SFR 
as the 


DMA 
Source 
Address 
(SAR) 
or 
the 
FIFO 
OUT 


(FOUT) 
SFR 
as the Destination 
Address 
(DAR). 
Ta- 


ble 6 lists the four types of internal 
DMA 
transfers 
and 


their 
respective 
timings. 


Source 
Destination 
Machine 
@12MHz 
@16MHz 
Cycles" 


Internal Data 
Internal Data 
Mem.orSFR 
Mem. orSFR 
1 
1 IJ-s 
750 ns 
Internal 
Data 
External 
Data 
Mem.orSFR 
Mem. 
1 
1 IJ-s 
750 ns 
External 
Data 
Internal Data 
Mem. 
Mem.orSFR 
1 
1 IJ-s 
750 ns 


• External 
Data 
External 
Data 
Memory 
Memory 
2 
2IJ-s 
1.51J-s 


NOTES: 
'External 
Data Memory DMA transfer applies to UPI-452 IoDcalBus only. 
•• MSC-51 Machine cycle = 12 clock cycles (TCLCL). 


The effect of Data Stream Commands and Immediate 
Commands on the internal DMA transfers is essentially 
the same as the effect on Host FIFO DMA transfers. 
Recognition also depends upon the programmed DMA 
Mode, the interrupts enabled, and their priorities. The 
net internal effect is the same for each possible internal 
case. The time required to respond to the Immediate or 
Data Stream Command is a function of the instruction 
time required. This must be calculated by the user 
based on the instruction cycle time given in the MSC- 
51 Instruction 
Set description in the Intel Microcon- 


troller Handbook. 


It is important to note that the internal DMA processor 
modes and the internal FIFO logic work together to 
automatically manage internal DMA transfers as data 
moves into and out of the FIFO. The two most appro- 
priate internal DMA processor modes for the FIFO are 
FIFO Demand Mode and FIFO Alternate Cycle Mode. 
In FIFO Demand Mode, once the correct Slave Con- 
trol and DMA Mode bits are set, the internal Input 
FIFO 
channel 
DMA 
transfer 
occurs whenever the 


Slave Control Input FIFO Request for Service flag is 
set. The DMA 
transfer 
continues until the flag is 


cleared or when the Input FIFO Read Pointer SFR 
(IRPR) equals zero. If data continues to be entered by 
the Host, the internal DMA continues until an internal 
interrupt of higher priority, if enabled, interrupts the 
DMA transfer, the internal DMA byte count reaches 
zero or until the Input FIFO Read Pointer equals zero. 
A complete description of interrupts and DMA Modes 
can be found in the UPI-452 Data Sheet. 


The internal DMA processor has four modes of opera- 
tion. Each DMA channel is software programmable to 
operate in either Block Mode or Demand Mode. De- 
mand Mode may be further programmed to operate in 
Burst or Alternate Cycle Mode. Burst Mode causes the 
internal processor to halt its execution and dedicate its 
resources exclusively to the DMA transfer. Alternate 
Cycle Mode causes DMA cycles and instruction cycles 
to occur alternately. 
A detailed description of each 


DMA Mode can be found in the UPI-452 Data Sheet. 


The interface latency is the time required to accommo- 
date all of the overhead associated with an individual 
data transfer. Data transfer rates between the Host sys- 
tem and UPI-452 FIFO, with a block size less than or 
equal to the programmed FIFO channel size, are calcu- 
lated using the Host system DMA 
rate. (see Host 


DMA description above). In this case, the entire block 
could be transferred in one operation. The total latency 
is the time required to accomplish the block DMA 
transfer, the interrupt 
response or poll of the Host 


Status SFR response time, and the time required to ini- 
tate the Host DMA processor. 


A DMA transfer between the Host and UPI-452 FIFO 
with a block size greater than the programmed FIFO 
channel size introduces additional overhead. This addi- 
tional overhead is from three sources; first, is the time 
to actually perform the DMA transfer. Second, the 
overhead of initializing the DMA processor, third, the 
handshaking 
between each FIFO 
block required to 


transfer the entire data block. This could be time to 
wait for the FIFO to be emptied and/or 
the interrupt 


response time to restart the DMA transfer of the next 
portion of the block. A fourth component may also be 
the time required to respond to Underrun and Overrun 
FIFO Errors. 


Table 7 shows six typical FIFO Input/Output 
channel 


sizes and the Host DMA transfers times for each. The 
timings shown reflect a 10 MHz system bus two cycle 
I/O to Memory DMA transfer rate of 2.5 MBytes/sec- 
ond as shown in Equation I. The times given would be 
the same for iAPX 286 I/O block move instructions 
REP INS and REP OUTS as described earlier. 


FIFO Size: 
32 
43 
64 
85 
96 
128 1 bytes 


Full or Empty 
% 
% 
% 
% 
% 
Full or Empty 


ime 
12.8 17.2 25.6 34.0 38.4 
51.21 
J.ls 


Table 8 shows six typical FIFO Input/Output 
channel 


sizes and the internal DMA processor data transfers 
times for each. The timings shown are for a UPI-452 
single cycle Burst Mode transfer at 16 MHz or 750 ns 
per machine cycle in or out of the FIFO channels. The 


inter 


machine cycle time is that of the MSC-51 CPU; 6 
states, 2 XTAL2 clock cycles each or 12 clock cycles 
per machine cycle. Details on the MSC-51 machine cy- 
cle timings and operation may be found in the Intel 
Microcontroller Handbook. 


Table 8. UPI·452 
Internal 
DMA FIFO 
Data Transfer 
Times 


FIFO Size: 
32 
43 
64 
85 
96 
128 I bytes 


Full or Empty 
Y4 
% 
% 
% 
% 
Full or Empty 


ime 
24.0 32.3 48.0 64.6 72.0 
96.0 I 
IJos 


A larger than programmed 
FIFO 
channel size data 


block internal DMA transfer requires internal arbitra- 
tion. The UPI-452 provides a variety of features which 
support 
arbitration 
between the two internal DMA 


channels and the FIFO. An example is the internal 
DMA processor FIFO Demand Mode described above. 
FIFO Demand Mode DMA transfers occur continu- 
ously until the Slave Status Request for Service Flag is 
deactivated. Demand Mode is especially useful for con- 
tinuous data transfers requiring immediate attention. 
FIFO Alternate Cycle Mode provides for interleaving 
DMA transfers and instruction 
cycles' to achieve a 


maximum of software flexibility. Both internal DMA 
channels can be used simultaneously to provide contin- 
uous transfer for both Input and Output FIFO chan- 
nels. 


Byte by byte transfers between the FIFO and internal 
CPU timing is a function of the specific instruction cy- 
cle time. Of the III MCS-51 instructions. 64 require 12 
clock cycles, 45 require 24 clock cycles and 2 require 48 
clock cycles. Most instructions involving SFRs are 24 
clock cycles except accumulator 
(for example, MOV 


direct, A) or logical operations (ANL direct, A). Typi- 
cal instruction and their timings are shown in Table 9. 


Oscillator Period: 
@ 12 MHz = 83.3 ns 


@ 16 MHz = 62.5 ns 


Instruction 
Oscillator 
@12MHz 
@16MHz 
Periods 


MoV directt, A 
12 
1 IJos 
750 ns 


MoV direct, direct 
24 
21Jos 
1.51Jos 


NOTE: 
t Direct = 8-bitinternaldata locations address. This could 
be an InternalData RAMlocation (0-255) or a SFR [Le.,1/ 
a port, control register, etc.] 


Byte by byte FIFO data transfers introduce an addi- 
tional overhead factor not found in internal DMA op- 
erations. This factor is the FIFO block size to be trans- 
ferred; the number of empty locations in the Output 
channel, or the number of bytes in the Input FIFO 


channel. As described above in the FIFO Data Struc- 
ture section, the block size would have to be deter- 
mined by reading the channel read and write pointer 
and calculating the space available. Another alternative 
uses the FIFO Overrun and Underrun Error flags to 
manage the transfers by accepting error flags. In either 
case the instructions needed have a significant impact 
on the internal FIFO data transfer rate latency equa- 
tion. 


A typical effective internal FIFO channel transfer rate 
using internal DMA is shown in Equation 4. Equation 
5 shows the latency using byte by byte transfers with an 
arbitrary factor added for internal CPU block size cal- 
culation. These two equations contrast 
the effective 


transfer rates when using internal DMA versus individ- 
ual instructions 
to transfer 
128 bytes. The effective 


transfer rate is approximately four times as fast using 
DMA versus using individual instructions (96 IJoswith 
DMA versus 492 IJosnon-DMA). 


Equation 
4. Effective 
Internal 
FIFO 


Transfer 
Time Using Internal 
DMA 


Effective Internal FIFO Transfer Rate with DMA 


FIFO channel size • Internal DMA Burst Mode 
Single Cycle DMATime 
128 Bytes • 750 ns 
961Jos 


Equation 
5. Effective 
FIFO Transfer 


Time Using Individual Instructions 


Effective Internal FIFO Transfer Rate without DMA 


FIFO channel size • Instruction Cycle Time + 
Block size calculation Time 
128 Bytes • (24 oscillator periods 
@ 16 MHz) + 


20 instructions (24 oscillator period each 


@ 16 MHz) 
128' 
1.51Jos+ 300 IJos 
4921Jos 


FIFO DMA FREEZE 
MODE 


INTERFACE 


FIFO DMA Freeze Mode provides a means of locking 
the Host out of the FIFO Input and Output channels. 
FIFO DMA Freeze Mode can be invoked for a variety 
of reasons, for example, to reconfigure the UPI-452 Lo- 
cal Expansion Bus, or change the baud rate on the seri- 
al channel. The primary reason the FIFO DMA Freeze 
Mode is provided is to ensure that the Host does not 
read from or write to the FIFO while the FIFO inter- 
face is being altered. ONLY the internal CPU has the 
capability of altering the FIFO Special Function Regis- 
ters, and these SFRs can ONLY be altered during 
FIFO DMA Freeze Mode. FIFO DMA Freeze Mode 
inhibits Host access of the FIFO while the internal 
CPU reconfigures the FIFO. 


FIFO DMA Freeze Mode should not be arbitrarily in- 
voked while the UPI-452 is in normal operation. Be- 
cause the external CPU runs asynchronously to the in- 
ternal CPU, invoking freeze mode without first proper- 
ly resolving the FIFO Host interface may have serious 
consequences. Freeze Mode may be invoked only by 
the internal CPU. 


The internal CPU invokes Freeze Mode by setting bit 3 
of the Slave Control SFR (SC3). This automatically 
forces the Slave and Host Status SFR FIFO DMA 
Freeze Mode to In Progress (SSTAT SST5 = 
0, 


HSTAT SFR HSTI = I). INTRQ goes active, if en- 
abled by MODE SFR bit 4, whenever FIFO DMA 
Freeze Mode is invoked to notify the Host. The Host 
reads the Host Status SFR to determine the source of 
the interrupt. INTRQ and the Slave and Host Status 
FIFO DMA Freeze Mode bits are reset by the Host 
READ of the Host Status SFR. 


During FIFO DMA Freeze Mode the Host has access 
to the Host Status and Control SFRs. All other Host 
FIFO interface access is inhibited. Table 10 lists the 
FIFO DMA Freeze Mode status of all slave bus inter- 
face Special Function Registers. The internal DMA 
processor is disabled during FIFO DMA Freeze Mode 
and the internal CPU has write access to all of the 
FIFO control SFRs (Table II). 


If FIFO DMA Freeze Mode is invoked without stop- 
ping the host, only the last two bytes of data written 
into or read from the FIFO will be valid. The timing 
diagram for disabling the FIFO module to the external 
Host interface is illustrated in Figure 7. Due to this 
synchronization sequence, the UPI-452 might not go 
into FIFO DMA Freeze Mode immediately after the 
Slave Control SFR FIFO 7 DMA Freeze Mode bit 
(SC3) is set = O. A special bit in the Slave Status SFR 
(SST5) is provided to indicate the status of the FIFO 
DMA Freeze Mode. The FIFO DMA Freeze Mode 


operations described in this section are only valid after 
SST5 is cleared. 


Either the Host or internal CPU can request FIFO 
DMA Freeze Mode. The first step is to issue an Imme- 
diate Command indicating that FIFO DMA Freeze 
Mode will be invoked. Upon receiving the Immediate 
Command, the external CPU should complete servicing 
all pending interrupts and DMA requests, then send an 
Immediate Command back to the internal CPU ac- 
knowledging the FIFO DMA Freeze Mode request. 
After issuing the first Immediate Command, the inter- 
nal CPU should not perform any action on the FIFO 
until FIFO DMA Freeze Mode is invoked. The hand- 
shaking is the same in reverse if the HOST CPU initi- 
ates FIFO DMA Freeze Mode. 


After the slavebus interface is frozen, the internal CPU 
can perform the operations listed below on the FIFO 
Special Function Registers. These operations are al- 
lowed only during FIFO DMA Freeze Mode. Table II 
summarizes the characteristics of all the FIFO Special 
Function Registers during Normal and FIFO DMA 
Freeze Modes. 


I. Changing the Channel Boundary 


Pointer SFR. 


2. Changing the Input and Output 


Threshold SFR. 


To Enhance the 
3. Writing to the read and write 


testability 
pointers of the Input and Output 
FIFO's. 


For FIFO 
Reconfiguration 


4. Writing to and reading the Host 


Control SFRs. 


5. Controlling some bits of Host and 


Slave Status SFRs. 


6. Reading the Immediate Command 


Out SFR and Writing to the Im- 
mediate Command in SFR. 


INTRQJ...__..1•• __ • _ •••••• 
••• 


;: 
: 
A Flro 
RO/WR ArtER 
, ••• 
INTERrACE rREEZE IS 
INVOKED WILL CAUSE 
HST3 OR HST7 TO BE SET 


NOTE: 
TimingDiagramof disablingof FIFO Module-ExternalHostInterface. 


Figure 
7. Disabling 
FIFO to Host Slave 
Interface 
Timing 
Diagram 
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The 
sequence of 
events for 
invoking 
FIFO 
DMA 


Freeze Mode are listed in Figure 8. 


1. Immediate 
Command 
to 
request 
FIFO 
DMA 


Freeze 
Mode (interrupt) 


2. Host/internal 
CPU interrupt 
response/service 


3. Host/internal 
CPU 
clear/service 
all 
pending 


interrupts 
and FIFO data 


4. Internal 
CPU 
sets 
Slave 
Control 
(SLCON) 


FIFO DMA 


Freeze 
Mode 
bit 
= 
0, 
FIFO 
DMA 
Freeze 


Mode, 
Host 
Status 
SFR 
FIFO 
DMA 
Freeze 


Mode Status bit = 1, INTRQ active 
(high) 


5. Host READ Host Status SFR 


6. Internal 
CPU reconfigures 
FIFO SFRs 


7. Internal 
CPU 
resets 
Slave 
Control 
(SLCON) 


FIFO DMA 


Freeze 
Mode 
bit 
= 
1, Normal 
Mode, 
Host 


Status 
FIFO DMA Freeze 
Mode Status 
bit = 


o. 


8. Internal 
CPU issues 
Immediate 
Command 
to 


Host indicating 
that FIFO DMA Freeze Mode is 


complete 


or 


Host polls Host Status SFR FIFO DMA Freeze 
Mode bit to determine 
end of reconfiguration 


Figure 8. Sequence of Events to Invoke 
FIFO DMA Freeze Mode 


An 
example of the time 
required 
to reconfigure 
the 


FIFO 
180 degrees, for example from 128 bytes Input to 


128 bytes Output, 
is shown in Figure 9. The example 


approximates 
the time based on several assumptions; 


I. The FIFO 
Input 
channel is full-128 bytes of data 


2. Output 
FIFO 
channel is empty-I 
byte 


3. No Data Stream Commands in the FIFO. 


4. The Immediate 
Command 
interrupt 
is responded to 


immediately-highest 
priority-by 
Host 
and inter- 


nal CPU. 


5. Respective interrupt 
response times 


a. Host (Equation 
3 above) = approximately 
1.6 J.los 


b. Internal 
CPU is 86 oscillator 
periods or approxi- 


mately 5.38 J.losworst case. 


Time 
0.30 J.los 


Event 
Immediate 
Command 
from Host 


to UPI-452 to request 
FIFO DMA 


Freeze Mode (iAPX286 WRITE) 


Internal CPU interrupt 
response/ 


service 


Internal CPU clears FIFO-128 
bytes DMA 


Internal CPU sets Slave Control 
Freeze Mode bit 


Immediate 
Command 
to Host- 


Freeze Mode in progress 
Host 


Immediate 
Command 
interrupt 


response 


Internal CPU reconfigures 
FIFO 


SFRs 
Channel 
Boundary 
Pointer SFR 


Input Threshold 
SFR 
Output Threshold 
SFR 


Internal CPU resets Slave 
Control 
(SLCON) Freeze Mode 


bit = 1, Normal Mode, and 
automatically 
resets Host Status 


FIFO DMA Freeze Mode bit 


Internal CPU writes Immediate 
Command 
Out 


Host Immediate 
Command 
interrupt 
service 


Total Minimum Time to 
Reconfigure 
FIFO 


Figure 9. Sequence of Events to Invoke FIFO 


DMA Freeze Mode and Timings 


0.75 J.los 
0.75 J.los 
0.75 J.los 


2.3 J.los 


Interface 
Pins; 
Operation 
In 
Status 
In 
DACK 
CS 
A2 
A1 
AO 
READ 
WRITE 
Normal 
Mode 
Freeze 
Mode 
1 
0 
0 
1 
0 
0 
1 
Read Host Status SFR 
Operational 


1 
0 
0 
1 
1 
0 
1 
Read Host Control SFR . 
Operational 
1 
0 
0 
1 
1 
1 
0 
Write Host Control SFR 
Disabled 
1 
0 
0 
0 
0 
0 
1 
Data or DMA data from 
Disabled 


Output Channel 


1 
0 
0 
0 
0 
1 
0 
Data or DMA data to 
Disabled 


Input Channel 


1 
0 
0 
0 
1 
0 
1 
Data Stream Command 
from 
Disabled 


Output Channel 


1 
0 
0 
0 
1 
1 
0 
Data Stream Command 
to 
Disabled 


Input Channel 


1 
0 
1 
0 
0 
0 
1 
Read Immediate 
Command 
Disabled 


Out from Output Channel 


1 
0 
1 
0 
0 
1 
0 
Write Immediate 
Command 
Disabled 


In to Input Channel 


0 
X 
X 
X 
X 
0 
1 
DMA Data from Output 
Disabled 


Channel 


0 
X 
X 
X 
X 
1 
0 
DMA Data to Input Channel 
Disabled 


Normal 
Freeze 
Mode 
Label 
Name 
Operation 
Operation 


(SST5 = 1) 
(SST5 = 0) 


HCON 
Host Control 
. 


Not Accessible 
Read & Write 
HSTAT 
Host Status 
Read Only 
Read & Write 
SLCON 
Slave Control 
Read & Write 
Read & Write 
SSTAT 
Slave Status 
Read Only 
Read & Write 
IEP 
Interrupt 
Enable 


& Priority 
Read & Write 
Read & Write 
MODE 
Mode Register 
Read & Write 
Read & Write 
IWPR 
Input FIFO Write Pointer 
Read Only 
Read & Write 
IRPR 
Input FIFO Read Pointer 
Read Only 
Read & Write 
OWPR 
Output FIFO Write Pointer 
Read Only 
Read & Write 
ORPR 
Output FIFO Read Pointer 
Read Only 
Read & Write 
CBP 
Channel 
Boundary 
Pointer 
Read Only 
Read & Write 
IMIN 
Immediate 
Command 
In 
Read Only 
Read & Write 
IMONT 
Immediate 
Command 
Out 
Read & Write 
Read & Write 
FIN 
FIFO IN 
Read Only 
Read Only 
CIN 
COMMAND 
IN 
Read Only 
Read Only 
FOUT 
FIFO OUT 
Read & Write 
Read & Write 
COUT 
COMMAND 
OUT 
Read & Write 
Read & Write 
ITHR 
Input FIFO Threshold 
Read Only 
Read & Write 
OTHR 
Other FIFO Threshold 
Read Only 
Read & Write 


inter 
APPLICATION 
NOTE 


AP-283 


Flexibility in Frame Size with the 


8044 


PARVIZ KHODADADI 
APPLICATIONS 
ENGINEER 


The 8044 is a serial communication 
microcontroller 


known as the RUPI (Remote Universal Peripheral In- 
terface). It merges the popular 8051 8-bit microcontrol- 
ler with an intelligent, high performance HOLC/SOLC 
serial communication controller called the Serial Inter- 
face Unit (SIU). The chip provides all features of the 
microcontroller 
and supports the Synchronous Oata 


Link Control (SOLC) communications protocol. 


There are two methods of operation relating to frame 
size: 
1) Normal operation (limited frame size) 
2) Expanded operation (unlimited frame size) 


In Normal operation the internal 
192 byte RAM is 


used as the receive and transmit buffer. In this opera- 
tion, the chip supports data rates up to 2.4 Mbps exter- 
nally clocked and 375 Kbps self-clocked. For frame 
sizes greater than 192 bytes, Expanded operation is re- 
quired. In Expanded operation the external RAM, in 
conjunction with the internal RAM, is used as the 
transmit and receive buffer. In this operation, the chip 
supports data rates up to 500 Kbps externally clocked 
and 375 Kbps self-clocked. In both cases, the SIU han- 
dles many of the data link functions in hardware, and 
the chip can be configured in either Auto or Flexible 
mode. 


The discussion that follows describes the operation of 
the chip and the behavior of the serial interface unit. 
Both Normal and Expanded operations will be further 
explained with extra emphasis on Expanded operation 
and its supporting software. Two examples of SOLC 
communication systems will also be covered, where the 
chip is used in Expanded operation. The discussion as- 


----~ 


TRANSMIT~ 


FRAME: L.:.J...:..L.:: 
_ 


RECEIVE~ 
FRAME: L.:.J...:..L.:: 
_ 


sumes that the reader is familiar with the 8044 data 
sheet and the SOLC communications protocol. 


In Normal operation the on-chip CPU and the SIU 
operate in parallel. The SIU handles the serial commu- 
nication task while the CPU processes the contents of 
the on-chip transmit and receiver buffer, services inter- 
rupt routines, or performs the local real time processing 
tasks. 


The 192 bytes of on-chip RAM serves as the interface 
buffer between the CPU and the SIU, used by both as a 
receive and transmit buffer. Some of the internal RAM 
space is used as general purpose registers (e.g. RO-R7). 
The remaining bytes may be divided into at least two 
sectio~s: one section for the transmit buffer and the 
other section for the receive buffer. In some applica- 
tions, the 192 byte internal RAM size imposes a limita- 
tion on the size of the information field of each frame 
and, consequently, achieves less than optimal informa- 
tion throughput. 


Figure 
I illustrates the flow of data when internal 


RAM is used as the receive and transmit buffer. The 
on-chip CPU allocates a receive buffer in the internal 
RAM and enables the SIU. A receiving SOLC frame is 
processed by the SIU and the information bytes of the 
frame, if any, are stored in the internal RAM. Then, 
the SIU informs the CPU of the received bytes (Serial 
Channel interrupt). 
For transmission, the CPU loads 


the transmitting bytes into the internal RAM and en- 
ables the SIU. The SIU transmits the information bytes 
in SOLC format. 


t 
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BUFFER 
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In Expanded operation the on-chip CPU monitors the 
state of the SIU, and moves data from/to external buff- 
er to/from the internal RAM and registers while recep- 
tion/transmission 
is taking place. If the CPU must 


service an interrupt during transmission or reception of 
a frame or transmit from internal RAM, the chip can 
shift to Normal operation. 


There .is a special function register called SIUST, the 
contents of which dictate the operation of the SID. 
Also, at data rates lower than 2.4 Mbps, one section of 
the SIU, in fixed intervals during transmission and re- 
ception, is in the "standby" 
mode and performs no 
function. The above two characteristics make it possi- 
ble to program the CPU to move data to/from external 
RAM and to force the SIU to repeat or skip some de- 
sired hardware tasks while transmission or reception is 
taking place. With these modifications, external RAM 
can be utilized as a transmit and receive buffer instead 
of the internal RAM. 


Figure 2 graphically shows the flow of data when exter- 
nal RAM is used. For reception, the receiving bytes are 
loaded into the Receive Control Byte (RCB) register. 
Then, the data in RCB is moved to external RAM and 
the SIU is forced to load the next byte into the RCB 
register - The chip believes it is receiving a control byte 
continuously. For transmission, Information bytes (1- 
bytes) are loaded into a location in the internal RAM 
and the chip is forced to transmit the contents of this 
location repeatedly. 


Discussion of expanded operation is continued in sec- 
tions 4 and 5. First, however, sections 2 and 3 describe 


features of the 8044 which are necessary to further ex- 
plain expanded operation. 


2.1 
Hardware 
Description 


The Serial Interface Unit (SIU) of the RUPI, shown in 
Figure 3, is divided functionally into a Bit Processor 
(BIP) and a Byte Processor (BYP), each sharing some 
common timing and control logic. The bit processor is 
the interface between the SIU bus and the serial port 
pins. It performs all functions necessary to transmit/re- 
ceive a byte of data to/from the serial data line (shift- 
ing, NRZI coding, zero insertion/deletion, 
etc.). The 


byte processor manipulates bytes of data to perform 
message formatting, transmitting, and receiving func- 
tions. For example, moving bytes from/to 
the special 


function registers to/from the bit processor. 


The byte processor is controlled by a Finite-State Ma- 
chine (FSM). For every receiving/transmitting 
byte, 


the byte processor executes one state. It then jumps to 
the next state or repeats the same state. These states 
will be explained in section 3. The status of the FSM is 
kept in an 8-bit register called SIUST (SIU State Coun- 
ter). This register is used to manipulate the behavior of 
the byte processor. 


As the name implies, the bit processor processes data 
one bit at a time. The speed of the bit processor is a 
function of the serial channel data rate. When one byte 
of data is processed by the bit processor, a byte bounda- 


inter 


ry is reached. Each time a byte boundary is detected in 
the serial data stream, a burst of clock cycles (16 CPU 
states) is generated for the byte processor to execute 
one state of the state machine. When all the procedures 
in the state are executed, a wait signal is asserted to 
terminate the burst, and the byte processor waits for 
the next byte boundary (standby mode). The lower the 
data rate, the longer the byte processor will stay in the 
standby mode. 


Incoming data is NRZI decoded by the on-chip decod- 
er. It is then passed through the zero insertion/deletion 
(ZID) circuitry. The ZID not only performs zero inser- 
tion/deletion, 
but also detects flags and Go Aheads 


(GA) in the data stream. The data bits are then loaded 
into the shift register (SR) which performs serial to par- 
allel conversion. When 8 bits of data are collected in the 
shift register, the bit processor triggers the byte proces- 
sor to process the byte, and it proceeds to load the next 
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block of data into the shift register. The serial data is 
also shifted, through 
SR, to a 16-bit register called 


"FCS GEN/CHK" 
for CRC checking. The byte proc- 


essor takes the received address and control bytes from 
the SR shift register and moves them to the appropriate 
registers. If the contents of the shift register is expected 
to be an information byte, the byte processor moves 
them through a 3-byte FIFO to the internal RAM at a 
starting location addressed by the contents of the Re- 
ceive Buffer Start (RBS) register. 


In the transmit mode, the byte processor relinquishes a 
byte to the bit processor by moving it to a register 
called RB (RAM buffer). The bit processor converts 
the data to serial form through the shift register, per- 
forms zero bit insertion, NRZI encoding, and sends the 
data to the serial port for transmission. Finally, the 
contents of the FCS GEN/CHK 
and the closing flag 


are routed to the serial port for transmission. 


inter 


3.0 TRANSMIT 
AND RECEIVE 
STATES 


The simplified receive and transmit state"diagrams are 
shown in Figures 4 and 5, respectively. The numbers on 
the left of each state represent the contents of the 
SIUST register when the byte processor is in the stand- 
by mode, and the instructions on the right of each state 
represent the "state procedures" of that state. When the 
byte processor executes these procedures the least three 
significant bits of the SIUST register are being incre- 
mented while the other bits remain unchanged. The 
byte processor will jump from one state to another 
without going into the standby mode when a condition- 
al jump procedure executed by the byte processor is 
true. 


When an opening flag (7EH) is detected by the" bit 
processor, the byte processor is triggered to execute the 
procedures of the FLAG state. In the FLAG state, the 
byte processor loads the contents of the RBS register 
into the Special RAM (SRAR) register. SRAR is the 
pointer to the internal RAM. The byte processor decre- 
ments the contents of the Receive ButTerLength (RBL) 
register and loads them into the DMA Count (DCNT) 
register. The FCS GEN/CHK 
circuit is turned on to 
monitor the serial data stream for Frame Check Se- 
quence functions as per SDLC specifications. 


Assuming there is an address field in the frame, con- 
tents of the SIUST register will then be changed to 
08H, causing the byte processor to jump to the AD- 
DRESS state and wait (standby) for the next byte 
boundary. As soon as the bit processor moves the ad- 
dress byte into the SR shift register, a byte boundary is 
achieved and the byte processor,is triggered to execute 
the procedures in the ADDRESS state. 


In the ADDRESS state the received station address is 
compared to the contents of the STAD register. If there 
is no match, or the address is not the broadcast address 
(FFH), reception will be aborted (SIUST = OIH). Oth- 
erwise, the byte processor jumps to the CONTROL 
state (SIUST = lOH) and goes into standby mode. 


The byte processor jumps to the CONTROL state if 
there exists a control field in the receiving frame. In 
this state the control byte is moved to the RCB register 
by the byte processor. Note that the only action taken 
in this state is that a received byte, processed by the bit 
processor, is moved to RCB. There is no other hard- 
ware task performed, and DCNT and SRAR are not 
atTected in this state. 


The next two states, PUSH-l and PUSH-2, will be exe- 
cuted if Frame check sequence (NFCS = 0) option is 
selected. In these two states the first and second bytes 


of the information field are pushed into the 3-byte 
FIFO (FIFOO, FIFOl, 
FIF02) 
and the Receive Field 


Length register (RFL) is set to zero. The 3-byte FIFO 
is used as a pipeline to move received bytes into the 
internal RAM. The FIFO prevents transfer of CRC 
bytes and the closing flag to the receive butTer (i.e., 
when the ending flag is received, the contents of FIFO 
are FLAG, FCS1, and FCSO.) The three byte FIFO is 
collapsed to one byte in No FCS mode. 


In the DMA-LOOP state the byte processor pushes a 
byte from SR to FIFOO, moves the contents of FIF02 
to the internal RAM addressed by the contents of 
SRAR, increments the SRAR and RFL registers, and 
decrements the DCNT register. If more information 
bytes are expected, the byte processor repeats this state 
on the next byte boundaries until DMA ButTer End 
occurs. The DMA ButTerEnd occurs if SRAR reaches 
OBFH (192 decimal), DCNT reaches zero, or the RBP 
bit of the STS register is set. 


The BOV-LOOP state, the last state, is executed if 
there is a butTer overrun. ButTer overrun occurs when 
the number of information bytes received is larger than 
the length of the receive butTer (RFL > RBL). This 
state is executed until the closing flag is received. 


At the end of reception, if the FCS option is used, the 
closing flag and the FCS bytes will remain in the 3-byte 
FIFO. The contents of the RCB register are used to 
update the NSNR (Receive/Send Count) register. The 
SIU updates the STS register and sets the serial inter- 
rupt. 


Setting the RTS bit puts the SIU in the transmit mode. 
When the CTS pin goes active, the byte processor goes 
into START-XMIT state. In this state the opening flag 
is moved into the RAM ButTer(RB) register. The byte 
processor jumps to the next state and goes into the 
standby mode. 


If the Pre-Frame 
Sync (PFS) option is selected, the 


PFSI and PFS2 states will be executed to transmit the 
two Pre-Frame Sync bytes (OOHor 55H). In these two 
states the contents of the Pre-Frame Sync generator are 
sent to the serial port while the Zero Insertion Circuit 
(ZID) is turned otT.ZID is turned back on automatical- 
ly on the next byte boundary. 


If the PFS option is not chosen, the byte processor 
jumps to the FLAG state. In this state, the byte proces- 
sor moves the contents of TBS into the SRAR register, 
decrements 
TBL and moves the contents 
into the 


DCNT register. The byte processor turns otTthe ZID 
and turns on FCS GEN/CHK. 
The contents of FCS 


GEN/CHK 
are not transmitted unless the NFCS bit is 
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01-1) 
(RBS)-SRAR 
01-2) 
(RBL)-l-(DCNT) 
01-3) 
TURN ON fCS GEN/CHK 
0104) 
If POINT TO POINT MODE, 
GOTO 10-2 


08-1) 
SR-TMP 
08-2) 
(STAD)-RB 
08-3) 
If RB.NE.TMP AND 
ffH.NE.TMP 
THEN IDLE 
08-4) 
If NB=l 
GOTO 10-2 


10-1) 
SR-(RCB) 
10-2) 
If 
NfCS=l 
GOTO 20-3 


18-1) 
SR-(f1fOO) 
18-2) 
PUSH 


20-1) 
SR-(flfOO) 
20-2) 
PUSH 
20-2) 
(RfL)-OOH 
20-4) 
If DMA BUffER 
END, 
GOTO 28-7 
20-5) 
(RCB)-RB 


28-1) 
If 
END Of 
I-fIELD. 


THEN IDLE 
28-2) 
(flf02)-@SRAR 
28-3) 
SR- 
(fifOO) 
28-4) 
INC. SRAR 
28-5) 
PUSH 
28-6) 
DEC. (DCNT) 
28-7) 
INC. (RfL) 
28-8) 
If 
NOT DMA BUffER 
END. 


GOTO 28-1 
28-9) 
RCB)- 
RB 


30-1) 
SET BOV BIT (SRS.3) 
30-2) 
(RCB)- 
RB 
30-3) 
If NOT END Of 
I-fiELD. 
GOTO 30-1 
30-4) 
IDLE 


set. If a frame with the address field is chosen, it moves 
the contents of the STAD register into the RB register 
for transmission. At the same time, the opening flag is 
being transmitted by the bit processor. 


In the ADDRESS (SIUST = AOH) and CONTROL 
(SIUST = A8H) states, TCB and the first information 
byte are loaded into the RB register for transmission, 
respectively. Note that in the CONTROL state, none of 
the registers (e.g. DCNT, SRAR) are incremented, and 
ZID and FCS GEN/CHK 
are not turned on or otTo 


The procedures in the DMA-LOOP state are similar to 
the procedures of the DMA-LOOP in the receive state 
diagram. The SRAR register pointer to the internal 
RAM is incremented, and the DCNT register is decre- 
mented. The contents of DCNT reach zero when all the 
information bytes from the transmit butTer are trans- 
mitted. A byte from RAM is moved to the RB register 
for transmission. This state is executed on the following 


byte boundaries 
until all the information 
bytes are 


transmitted. 


The FCS 1 and the FCS2 states are executed to transmit 
the Frame Check Sequence bytes generated by the FCS 
generator, and the END-FLAG 
state is executed to 


transmit the closing flag. 


The 
XMIT-ACfION 
and 
the 
ABORT-ACfION 


states are executed by the byte processor to synchronize 
the SIU with the CPU clock. The XMIT-ACfION 
or 


the ABORT-ACfION 
state is repeated until the byte 


processor status is updated. At the end, the STS and the 
TMOD registers are updated. 


The two ABORT-SEQUENCE 
states (SIUST = EOH 


and SIUST = E8H) are executed only if transmission 
is aborted by the CPU (RTS or TBF bit of the STS 
register is cleared) or by the serial data link (CTS signal 


_goes inactive or shut-otT occurs in loop mode.) 


SIUST 
STATE 
STATE PROCEDURE 


87H 
87-1) 
flAG-RB 


88H 
88-1) 
If 
NO PfS 
(SMD.2=0). 
GOTO 98-1 
88-2) 
XMIT A PfS 
BYTE 
88-3) 
ZID Off 


90H 
90-1) 
XMIT A PfS 
BYTE 
90-2) 
ZID Off 


98H 
98-1) 
(TBS)-SRAR 
98-2) 
ZID Off 
98-3) 
(TBl)-1- 
(DeNT) 
98-4) 
TURN ON fCS 
GEN/CHK 
98-5) 
If 
POINT TO POINT MODE, 


GOTO A8-1 
98-6) 
(STAD)- 
RB 


AOH 
ADDRESS 
AO-1) 
If 
NB=l 
GOTO A8-1 
AO-2) 
If 
AUTO MODE 
CTRl-RB 
AO-3) 
If 
flEXIBLE 
MODE 
(TCB)-RB 


A8H 
A8-1) 
If 
DMA BUffER 
END, 


GOTO BO-3 
A8-2) 
OSRAR-RB 


BOH 
BO-1) 
INC. SRAR 
BO-2) 
DEC. DCNT 
BO-3) 
If 
DMA BUffER 
END 
AND NfCS=1. 
GOTO CO-1 
BO-4) 
OSRAR-RB 
BO-5) 
GOTO BO-1 


B8H 
B8-1) 
NO ACTION 


COH 
CO-1) 
fLAG-RB 


C8H 
C8-1) 
ZID Off 


OOH 
00-1) 
REPEAT THIS STATE Till 
SIU 
IS IN SYNC. WITH CPU. TlHEN 
IDLE. ZID Off 


EOH 
EO-1) 
NO ACTION 


E8H 
E8-1) 
ZID Off 


fOH 
fO-1) 
REPEAT THIS STATE Till 
SIU 
IS IN SYNC. WITH CPU, THEN 
IDLE. ZID Off 
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Figure 5. Transmit 
State Diagram 


4.0 TRANSMISSION/RECEPTION 
OF 
LONG FRAMES 
(EXPANDED 
OPERATION) 


In this application note, a frame whose information 
field is more than 192 bytes (size of on-chip RAM) is 
referred to as a long frame. The 8044 can access up to 
64000 bytes of external RAM. Therefore, a long frame 
can have up to 64000 information bytes. 


During transmission or reception of a frame, while the 
bit processor is processing a byte, the byte processor, 
after 16 CPU states, is in the standby mode, and the 
internal registers and the internal bus are not used. The 
period between each byte boundary, when the byte 
processor is in the standby mode, can be used to move 
data from external RAM to one of the byte processor 
registers for transmission and vice versa for reception. 
The contents of the SIUST register, which dictate the 
state of the byte processor, can be monitored to recog- 
nize the beginning of each SDLC fieldand the consecu- 
tive byte boundaries. 


By writing into the SIUST register, the byte processor 
can be forced to repeat or skip a specific state. As an 
example, the SIU can be forced to repeatedly put the 
received bytes into the RCB register. This is accom- 
plished by writing E7H into the SIUST register when 
the byte processor goes into the standby mode. The 
byte processor, therefore, executes the CONTROL 
state at the next byte boundary. 


For transmission, the byte processor is put in the trans- 
mit mode. When transmission of a frame is initiated, 
the user program calls a subroutine in which the state 
of the byte processor is monitored by checking the con- 
tents of the SIUST register. When the byte processor 
reaches a desired state and goes into standby, the CPU 
loads the first byte of the internal RAM buffer with 
data and moves the byte processor to the CONTROL 
state. The routine is repeated for every byte. At the end, 
the program returns from the subroutine, and the SIU 
finishes its task (see application examples). 


For reception, a software routine is executed to move 
data to external RAM and to force the SIU to repeat 
the CONTROL state. The CONTROL state is repeated 
because, as shown in the receivestate diagram, the only 
action taken by the byte processor, in the CONTROL 
state, is to move the contents ofSR to the RCB register. 
None of the registers (e.g. SRAR and DCNT) are in- 
cremented. A similar comment justifies the use of the 
CONTROL state for transmission. In the transmit 
CONTROL state, contents of a location in the on-chip 
RAM addressed by TBS is moved to RB for transmis- 
sion. 


To write into the SIUST register, the data must be com- 
plemented. For example, if you intend to write 18H 
into the SIUST register, you should write E7H to the 
register. The data read from SIUST is, however, true 
data (Le. 18H). 


Read and write accessesto the SIUST, STAD, DCNT, 
RCB, RBL, RFL, TCB, TBL, TBS, and the 3-byte 
FIFO registers are done on even and odd phases, re- 
spectively. Therefore, there is no bus contention when 
the CPU is monitoring the registers (e.g. SIUST), and 
SIU is simultaneously writing into them. 


There is no need to change or reset the contents of any 
SIU register while transmitting 
or receiving long 


frames, unless the byte processor is forced to repeat a 
state in which the contents of these registers are modi- 
fied. Note that the SRAR register can not be accessed 
by the CPU; therefore, avoid repeating the DMA- 
LOOP states. If SRAR increments to 192,the SIU will 
be interrupted and communication will be aborted. 


The internal RAM, in conjunction with an external 
buffer (RAM or FIFOs), can be used as a transmit and 
receive buffer. In other words, Expanded and Normal 
operation can be used together. For example, if a frame 
with 300 Information bytes is received and only 255 of 
them are moved to an external buffer, the remaining 
bytes (45 bytes) will be loaded into the internal RAM 
by the SIU (assuming RBL is set to 45 or more). The 
contents of RFL indicate the number of bytes stored in 
the internal RAM. For transmission, the contents of 
the external buffer can be transmitted followed by the 
contents of the internal buffer. 


If the internal RAM is not used, contents of the RBL 
register can be 0 and contents of the TBL register must 
be set to 1.The contents of the TBS register can be any 
location in the internal RAM. 


The transmission and reception procedures for long 
frames with no FCS are similar to those with FCS. The 
exception is the contents of the SIUST register should 
be compared with different values since the two FCS 
states of the transmit and receive flow charts are 
skipped by the byte processor. 


If a frame format with no control byte is chosen, a 
location in the RAM addressed by TBS should be used 
for transmission as with control byte format. The FIFO 
can be used for reception. The STAD register can be 
used for transmission if no zero insertion is required. 
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If the RUPI is used in Auto mode (see Section 5), it 
will still respond to RR, RNR, REJ, and Unnumbered 
Poll (UP) SDLC commands with RR or RNR auto- 
matically, without using any transmit routine. For ex- 
ample, if the on-chip CPU is busy performing some real 
time operations, the SIU can transmit an information 
frame from the internal buffer or transmit a supervisory 
frame without the help of CPU (Normal operation). 


Maximum data rate using this feature is limited primar- 
ily by the number of instructions needed to be executed 
during the standby mode. 


Transmission or reception of a frame can be timed out 
so that the CPU will not hang up in the transmit or 
receive procedures if a frame is aborted. Or, if the data 
rate allows enough time (standby time is long enough), 
the CPU can monitor the SIUST register for idle mode 
(SIUST = OlH). 


It is also possible to transmit multiple opening or clos- 
ing flags by forcing the byte processor to repeat the 
END-FLAG 
state. 


ADDRESS 
X.•. 
C_O_N_T_R_OL 
X.•. 
P_U_S_H_-_' 
X 
PUSH-2 


4.4 Maximum Data Rate in Expanded 


Operation 


Assuming there is no zero-insertion/deletion, 
the bit 


processor requires eight serial clock periods to process 
one block of data. The byte processor, running on the 
CPU clock, processes one byte of data in 16 CPU states 
(one state of the state diagrams). Each CPU state is two 
oscillator 
periods. 
At 
an 
oscillator 
frequency 
of 


12 MHz, the CPU clock is 6 MHz, and 16 CPU states 
is 2.7 J.Ls.At a 3 Mbit rate with no zero-insertion/dele- 
tion, there is exactly enough time to execute one state 
per byte (16 states at 6 MHz = 8 bits at 3M baud). In 
other words, the standby time is zero. 


Figure 6 demonstrates portions of the timing relation- 
ship between the byte processor and the bit processor. 
In each state, the actions taken by the processors, plus 
the contents of the SIUST register, are shown. When 
the byte processor is running, the contents of SIUST 
are unknown. However, when it is in the standby mode, 
its contents are determinable. 


The maximum data rate for transmitting and receiving 
long frames depends on the number of instructions 
needed to be executed during standby, and is propor- 
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6b. Transmission 


Figure 6. Portions of the BIP/BYP Timing Relationship 


tional to the oscillator frequency. The time the byte 
processor is in the standby mode, waiting for the bit 
processor to deliver a processed byte, is at least equal to 
eight serial clock periods minus 16 CPU states. If an 
inserted zero is in the block of data, the bit processor 
will process the byte in nine serial clock periods. 


The equation for theoretical maximum data rate is giv- 
en as: 


(2TCLCL) 
x (16 states) + (iI' of instructioncycles) x 


(12TCLCL) 
= (8TOCY) 
Equation(1) 


Where: TCLCL is the oscillator period. 
TOCY is the serial clock period. 


At an oscillator frequency of 12 MHz and baud rate of 
375 Kbps, about 18 instruction cycles can be executed 
when the byte processor is in the standby mode. At a 
9600 baud rate, there is time to execute about 830 in- 
struction cycles-plenty 
of time to service a long inter- 


rupt routine or perform bit-manipulation or arithmetic 
operations on the data while transmission or reception 
is taking place. 


The 8044 has two modes: Flexible mode and Auto 
mode, In Auto mode, the chip responds to many SOLC 
commands and keeps track of frame sequence number- 
ing automatically without on-chip CPU intervention. 
In Flexible mode, communication tasks are under con- 
trol of the on-chip CPU. 


For transmission, the CPU allocates space for transmit 
butTer by storing values for the starting location and 
size of the transmit butTer in the TBS and the TBL 
registers, It loads the butTerwith data, sets the TBF and 
the RTS bits in the STS register, and proceeds to per- 
form other tasks. The SIU activates the RTS line. 
When the CTS signal goes active, the SIU transmits the 
frame. At the end of transmission, the SIU clears the 
RTS bit and interrupts the CPU (SI set). 


For reception, the CPU allocates space for receive butT- 
er by loading the beginning address and length of the 
receive butTer into the RBS and RBL registers, sets the 
RBE bit, and proceeds to perform other tasks. The 
SIU, upon detection of an opening flag, checks the,next 
received byte. If it matches the station address, it will 
load the received control byte into RCB, and received 
information bytes into the receive butTer. At the end of 
reception, if the Frame Check Sequence (FCS) is cor- 
rect, the SIU clears RBE and interrupts the CPU. 


In the Auto mode, the 8044 can only be a secondary 
station 
operating 
in the SOLC 
"Normal 
Response 


Mode". The 8044 in Auto mode does not transmit mes- 
sages unless it is polled by the primary. 


For transmission of an information frame, the CPU al- 
locates space for the transmit butTer, loads the butTer 
with data, and sets the TBF bit. The SIU will transmit 
the frame when it receives a valid poll-frame. A frame 
whose poll bit of the control byte is set, is a poll-frame. 
The poll bit causes the RTS bit to be set. If TBF were 
not set, the SIU would respond with Receive Not 
Ready (RNR) SOLC command if RBP = I, or with 
Receive Ready (RR) SOLC command if RBP = O. 
After transmission RTS is cleared, and the CPU is not 
interrupted. 


For reception, the procedure is the same as that of 
Flexible mode. In addition, the SIU sets the RTS bit if 
the received frame is a poll-frame (causing an automat- 
ic response) and increments the NS and NR counts 
accordingly. 


Two application examples are given to provide addi- 
tional details about the procedures used to transmit and 
receive long frames. In the first application example, 
procedures to construct receive and transmit software 
routines for the point-to-point 
frame format are de- 


scribed. The point-to-point frame has the information 
field and the FCS field enclosed between two flags (see 
Figure 7). In the second example software code is gen- 
erated for reception and transmission of the standard 
SOLC frame. The SOLC frame has the pattern: flag, 
address, control, information, FCS, flag. 


The first example focuses on the construction of trans- 
mit and receive code which allow the chip to transmit 
and receive long frames. The second example shows 
how to make more use of the 8044 features, such as the 
on-chip phase locked loop for clock recovery and auto- 
matic responses in the Auto mode to demonstrate the 
capability of the 8044 to achieve high throughput when 
Expanded operation is used. 


6.1 
Point-to-Point 
Application 
Example 


A point-to-point communication system was developed 
to receive and transmit long frames. The system con- 
sists of one primary and one secondary station. Al- 
though multiple secondary stations can be used in this 
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system, one secondary is chosen to simplify the primary 
station's software and focus on the long frame software 
code. Both the primary and the secondary stations are 
in Flexible mode and the external clock option is used 
for the serial channel. The maximum 
data rate is 
500 Kbps. The FCS bytes are generated and checked 
automatically by both stations. 


The polling sequence, shown in Figure 8, takes place 
continuously between the primary and the secondary 
stations. The primary transmits a frame with one infor- 
mation byte to the secondary. The information byte is 
used by the secondary as an address byte. The second- 
ary 
checks 
the 
received byte, and 
if the 
address 
matches, the secondary responds with a long frame. In 
this example, the information field of the frame is cho- 
sen to be 255 bytes long. Since there is only one second- 
ary station, the address always matches. Upon success- 
ful reception of the long frame, the primary transmits 
another frame to the secondary station. 


The schematic of the secondary station is given in Fig- 
ure 9. The circuit of the primary station is identical to 
the secondary station with the exception of pin 11 


. 
F-I 
BYTE-FCS-F 


PRIMARY 
SECONDARY 


F-255 
I BYTES-FCS-F 


Figure 8. Secondary 
Responses 
to Primary 


Station Commands 


(DATA) being connected to pin 14 (TO). In the pri- 
mary station, the 8044 is interrupted when activity is 
detected on the communication line by the on-chip tim- 
er (in counter mode). This is explained more later. The 
serial clock to both stations is supplied by a pulse gen- 
erator. The output of the pulse generator (not shown in 
the diagram) is connected to pin 15 of the 8044s. Since 
the two stations are located near each other (less than 4 
feet), line drivers are not used. 


The central processor of each station is the 8044. The 
data 
link program 
is stored 
in a 2Kx8 
EPROM 


(2732A), and a 2Kx8 static RAM (AM9128) is used as 
the external transmit and receive buffer. The RTS pin is 
connected to the CTS pin. For simplicity, the stations 
are assumed to be in the SDLC Normal Respond Mode 
after Hardware reset. 


The assembly code for the primary station software is 
listed in Appendix A. The primary software consists of 
the main routine, the SIU interrupt routine, and the 
receive interrupt routine. The receive interrupt routine 
is executed when a long frame is being received. 


In the flow charts that follow, all actions taken by the 
SIU appear in squares, and actions taken by the on-chip 
CPU appear in spheres. 
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First, the chip is initialized (see Figure 10). It is put in 
Flexible mode, externally clocked, and "Flag-Informa- 
tion Field-FCS-Flag" 
frame format. Pre-Frame 
Sync 


option (PFS = I) and automatic Frame Check Se- 
quence generation/detection 
(NFCS = 0) are selected. 


The on-chip transmit buffer starts at location 20H and 
the transmit buffer length is set to 1. This one byte 
buffer contains the address of the secondary station. 
There is no on-chip receive buffer since the long frame 
being received is moved to the external buffer. The 
RTS, TBF, and RBE bits are set simultaneously. Set- 
ting the RTS and TBF bits causes the SIU to transmit 
the contents of the transmit buffer. 


Main Program 


Figure 10. Primary Station 
Flow Charts 


After transmission of the frame, the SIU interrupts the 
on-chip CPU (SI is set). In the SIU interrupt service 
routine, counter 0 is initialized and turned on (see Fig- 
ure II). The user program returns to perform other 


tasks. After reception of the long frame, the SIU inter- 
rupt routine is executed again. This time, RTS,. TBF, 
and RBE are set for another round of information ex- 
change between the two stations. 


SIU never interrupts while reception or transmission is 
taking place. The SIU registers are updated and the SI 
is set (serial interrupt) after the closing flag has been 
received or transmitted. An SIU interrupt never occurs 
if the receive interrupt routine or the transmit subrou- 
tine is being executed. 


Setting the RBE bit of the STS register puts the RUPI 
in the receive mode. However, the jump to the receive 
interrupt routine occurs only when a frame appears on 
the serial port. Incoming frames can be detected using 
the Pre-Frame Sync. option and one of the CPU timers 
in counter mode. The counter external pin (TO) is con- 
nected to the data line (pin II is tied to pin 14). Setting 
the PFS (Pre-Frame Sync.) bit will guarantee 16 tran- 
sitions before the opening flag of a flame. 


SIU Interrupt 
Routine 


Figure 11. Primary 
Station 
Flow Charts 
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The counter registers are initialized such that the coun- 
ter interrupt occurs before the opening flag of a frame. 
When the PFS transitions appear on the data line, the 
counter overflows and interrupts the CPU. The CPU 
program jumps to the timer interrupt service routine 
and executes the receiveroutine. In the receiveroutine, 
the received frame is processed, and the information 
bytes are moved to the external RAM. Note that the 
maximum count rate of the 8051 counter is 1/.4 of the 
oscillator frequency. At 12MHz, the data rate is limit- 
ed to 500 Kbps. 


Another method to detect a frame on the data line and 
cause an interrupt is to use an external "Flag-Detect" 
circuit to interrupt the CPU. The "Flag Detect" circuit 
can be an 8-bit shift register plus some TIL chips. If 
this option is used, the RUPI must operate in externally 
clocked mode because the clock is needed to shift the 
incoming data into the shift register. With this option, 
the maximum data rate is not limited by the maximum 
count rate of the 8051 counter. 


In Normal operation, the byte processor executes the 
procedures of the FLAG state, jumps to the CON- 
TROL state without going into the standby mode, and 
executes 10-2 procedure of the state (see Figure 4). It 
then jumps to the PUSH-I state and goes into the 
standby mode. At the following byte boundaries, the 
byte processor executes the PUSH-I, PUSH-2, and 
DMA-LOOP states, respectively.The receiveinterrupt 
routine as shown in the flow chart of Figure 12 and 
described below forces the byte processor to repeatedly 
execute the CONTROL state before the PUSH-I state 
is executed. The followingis the step by step procedure 
to receive long frames: 
I) Turn off the CPU counter and save all the impor- 


tant registers. Jump to the receiveinterrupt routine, 
execution of the instructions to save registers, and 
initialization of the receive buffer pointer take place 
while the Pre-Frame Sync bytes and the opening 
flag are being received.This is about three data byte 
periods (48 CPU cycles at 500 Kbps). 


2) Monitor the SIUST register for standby in the 


PUSH-I state (SIUST = 18H). When the SIUST 
contents are 18H, the byte processor is waiting for 
the first information byte. The bit processor has al- 
ready recognized the flag and is processing the first 
information byte. 


3) In the standby mode, move the byte processor into 


the CONTROL state by writing "EFH" (comple- 
ment of IOH) into the SIUST register. When the 
next byte boundary occurs, the bit processor has 
processed and moved a byte of data into the SR 
register. The byte processor moves the contents of 
SR into the RCB register, jumps to the PUSH-I 
state (SIUST = 18H), and waits. 


4) Monitor the SIUST register for standby in the 


PUSH-I state. When the contents of SIUST be- 
comes 18H, the contents of RCB are the first infor- 
mation byte of the information field. 


5) While the byte processor is in the standby mode, 


move the contents of RCB to an external RAM or 
an I/O port. 
6) Check for the end of the information field. The end 


can be detected by knowing the number of bytes 
transmitted, or by having a unique character at the 
end of information field. The length of the informa- 
tion field can be loaded into the first byte(s) re- 
ceived. The receive routine can load this byte into 
the loop counter. 
7) If the byte received is not the last information byte, 


move the byte processor back to standby in the 
CONTROL state and repeat steps 4 through 6. Oth- 
erwise, return from the interrupt routine. 


Upon returning from the receive interrupt routine, the 
byte processor automatically executes the PUSH-I, 
PUSH-2, and DMA-LOOP before it stops. This causes 
the remaining information bytes (if any) to be stored in 
the internal RAM at the starting location specified by 
the contents of RBS register. At the end of the cycle, 
the closingflag and the CRC bytes are left in the FIFO. 
The RFL register will be incremented by the number of 
bytes stored in the internal RAM. Then, the STS and 
NSNR registers are updated, and an appropriate re- 
sponse is generated by the SIU. 


The software to perform the above task is given in Ta- 
ble I. In this example, the number of instruction cycles 
executed during standby is 12cycles. 
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TRO 
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The assembly code for the secondary 
station software is 


given in Appendix 
A. The secondary 
station 
contains 


the transmit 
subroutine 
which is called for transmission 


of long frames. 


As shown in the secondary 
station 
flow chart 
(Figure 


13), the external 
transmit 
butTer (external 
RAM) 
is 


loaded with the information 
data (FFH, 
FEH, 
FDH, 
. . . ) at starting 
location 
200H. The internal 
transmit 


butTer (on chip RAM) 
starts at location 
20H (TBS = 


20H), and the transmit 
butTer length (TBL) is set to I. 


The on-chip 
CPU, 
in the transmit 
subroutine, 
moves 


the information 
bytes from the external 
RAM 
to this 


one byte butTer for transmission. 
The 
receive 
butTer 
starts at location 
IOH and the receiver butTer length is 


I. This butTer is used to butTer the frame transmitted 
by 


the primary. 
The received 
byte is used as an address 


byte. 


The Secondary is configured 
like the Primary 
station. It 


is put in Flexible 
mode, externally 
clocked, 
Point-to- 


point frame format. The PFS bit is set to transmit 
two 


bytes before the first flag of a frame. The RBE bit is set 
to put the chip in receive mode. Upon 
reception 
of a 


valid frame, 
the SIU 
loads the received 
information 


byte into the on-chip 
receive butTer and interrupts 
the 


CPU. 


In the serial interrupt 
routine, 
the RBE bit is checked 
(see Figure 
14). Since RBE is clear, a frame has been 


received. 
The received 
Information 
byte is compared 


with the contents of the Station Address (ST AD) regis- 
ter. 


inter 
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Figure 13. Secondary Station Flow Charts 


If they match, the secondary will call the transmit sub- 
routine to transmit 
the long frame. Upon returning 


from the transmit subroutine, the RBE bit is set, and 
program returns from the SIU interrupt. After trans- 
mission of the closing flag, SIU interrupt occurs again. 
In the interrupt routine, the RBE is checked. Since the 
RBE is set, the program returns from the SIU interrupt 
routine and waits until another long frame is received. 


If the secondary were in Auto mode, the chip must be 
ready to execute the transmit routine upon reception of 
a poll-frame; otherwise, the chip automatically trans- 
mits the contents of the internal transmit buffer if the 
TBF bit is set, or transmits a supervisory command 
(RR or RNR) if TBF is clear. 


In Normal operation the byte processor executes the 
START-TRANSMIT 
state and jumps to the PFSI 


state. While the bit processor is transmitting some un- 
wanted bits, the byte processor executes the PFS I state 
and jumps to the standby mode in the PFS2 state. 


SIU Interrupt 


Figure 14.Secondary Station Flow Charts 


While the bit processor is transmitting 
the first Pre- 


Frame Sync byte, the byte processor executes the PFS2 
state and jumps to the standby mode in the FLAG 
state. The FLAG state is executed when the bit proces- 
sor begins to transmit the second Pre-Frame Sync byte. 
When the flag is being transmitted, the byte processor 
executes the 98-1, 98-2, 98-3, and 98-4 procedures of 
the FLAG state, and jumps to execute the A8-1 proce- 
dure of the CONTROL state. When the opening flag is 
transmitted, the contents of RB are the first informa- 
tion byte. (See transmit State diagram.) 


In the transmit subroutine (see Figure 15), the byte 
processor is forced to repeat the CONTROL state be- 
fore the DMA-LOOP state. In the CONTROL state, 
the contents of a RAM location addressed by the TBS 
register are moved to the RB register. The following is 
the step by step procedure to transmit long frames: 
I) Put the chip in transmit mode by setting the RTS 


and TBF bits. 


2) Move an information byte from external RAM to a 


location in the internal RAM addressed by the con- 
tents of TBS. 


Transmit 
Subroutine 


Figure 15. Secondary 
Station 
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3) Monitor the SIUST register for the standby mode in 


the DMA-LOOP 
state (SIUST 
= BOH). When 


SIUST is BOH, the opening flag has been transmit- 
ted, and the first information byte is being transmit- 
ted by the bit processor. 


4) If there are more information bytes, move the byte 


processor back to the CONTROL state, and repeat 
steps 2 through 4. Otherwise, continue. 


5) Move byte processor to the Standby mode in the 


CONTROL state (SIUST = ASH) and return from 
the subroutine. 


The byte processor automatically executes the remain- 
ing states to send the FCS bytes and the closing flag. 
After the completion of transmission, SIU updates the 
STS and NSNR registers and interrupts the CPU. 


If the contents of the TBL register were more than I, 
the SIU transmits (TBL)-I 
additional bytes from the 
internal RAM at starting address (TBS)+ I because it 
executes the DMA-LOOP 
state (TBL)-I 
additional 


times. The byte processor should not be programmed to 
skip the DMA-LOOP state, because the transmission of 
FCS bytes is enabled in this state. 


The maximum baud rate that can be used with these 
codes is calculated by adding the number of instruction 
cycles executed, during the standby mode, between 
each byte boundaries (see Table 2). 


Using Equation I, the maximum data rate, based on the 
transmit software, is 509 Kbps; However, the maxi- 
mum count rate of the counter limits the data rate to 
500 Kbps. 
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Performance of long frame in addition to the features of 
the 8044 are described using a simple multidrop com- 
munication system in which three RUPls, 
one as a 


master and the other two as secondary stations, trans- 
mit and receive long frames alternately (see Figure 16). 
All stations perform automatic zero bit insertion/dele- 
tion, 
NRZI 
decoding/encoding, 
Frame 
Check 
Se- 


quence (FCS) generation/detection, 
and on-chip clock 


recovery at a data rate of 375 Kbps. 


The primary and the secondary station's software code 
is given in Appendix B. These programs, for simplicity, 
assume only reception of information and supervisory 
frames. It is also assumed that the frames are received 
and transmitted in order. All stations use very similar 
transmit and receive routines. This code is written for 
standard SDLC frames (see Figure 7). 


The primary station, in Flexible mode, transmits a long 
frame (for this example, 255 I-bytes), polls one of the 


secondary stations, and acknowledges a previously re- 
ceived frame simultaneously (see Figure 17). Both sec- 
ondary stations, in Auto mode, detect the transmitted 
frame and check its address byte. One of the secondary 
stations receives the frame, stores the Information bytes 
in an external RAM buffer, and transmits the same 
data back to the primary. After reception of the frame, 
the primary polls and transmits a long frame to the 
other secondary station which will respond with the 
same long frame. 


The schematic of the secondary station hardware 
is 


shown in Figure 18. The primary station's hardware is 
similar to the secondary station's hardware. The excep- 
tion is in secondary stations only, where the RTS signal 
is inverted and tied to the interrupt 0 input pin (INTO). 
In the primary station, RTS is tied to CTS. At each 
station, software codes are stored in external EPROM 
(2732A). Static RAM (2Kx8) is used as external trans- 
mit/receive buffer. There is no hardware handshaking 
done between the stations. The serial clock is extracted 
from the data line using the on-chip phase locked loop. 
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Figure 17. Polling Sequence 
Between 
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During initialization (see Figure 19), the 8044 is set to 
Flexible mode, internally clocked at 375 Kbps, and 
configured to handle standard SDLC frames. The on- 
chip receive and transmit buffer starting addresses and 
lengths are selected. The external transmit 
buffer is 


chosen from physical location 2DOH to location 2FFH 
(255 bytes). The external 
transmit 
buffer (external 


RAM) is loaded with data (FFH, FEH, FDH, FCH, 
. . . DOH). Timer 0 is put in counter mode and set to 
priority I. The counter register (TLO) is loaded such 
that interrupt occurs after 8 transitions on the data line. 
The Pre-Frame Sync option (setting bit 2 of the SMD 
register) is selected to guarantee at least 16 transitions 
before the opening flag of a frame. 


Main Program- 


Figure 19. Primary Station 
Flow Charts 


The station address register (STAD) is loaded with ad- 
dress of one of the secondary stations. The RTS, TBF, 
and RBE bits of the STS register are simultaneously set 
and a call to the transmit routine follows. The transmit 
routine transmits the contents of the external transmit 
buffer. At the end of transmission, RTS and TBF are 
cleared by the SID, and SID interrupt occurs. In Flex- 
ible mode, SID interrupt occurs after every transmis- 
sion or reception of a frame. 


In the SID interrupt service routine (see Figure 20), SI 
is cleared and the RBE bit is checked. If RBE is set, a 
long frame has been transmitted. The first time through 
the SID interrupt service routine, the RBE test indi- 
cates a long frame has been transmitted to one of the 
secondary stations. Therefore, the Counter is initialized 


SIU Interrupt 


Figure 20. Primary Station 
Flow Charts 


inter 


and turned on. The program returns from the interrupt 
routine before a frame appears on the communication 
channel. 


When a frame appears on the communication 
line, 
counter interrupt occurs and the receive routine is exe- 
cuted to move the incoming bytes into the external 
RAM. After reception of the frame and return from the 
receive routine, SIU interrupt occurs again. 


In the SIU interrupt routine, RBE is checked. Since the 
RBE bit is clear, a frame has been received. Therefore, 
the appropriate NS and NR counters are incremented 
and loaded into the TCB register (two pairs of internal 
RAM bytes keep track of NS and NR counts for the 
two secondary stations). Transmission of a frame to the 
next secondary station is enabled by setting the RTS 
and the TBF bits. The chip is also put in receive mode 
(RBE set), and a call to transmit routine is made. After 
transmission, SIU interrupt occurs again, and the pro- 
cess continues. 


Both secondary stations have identical software (Ap- 
pendix B). The only differences are the station address- 
es. Contents of the STAD register are 55H for one sta- 
tion and 44H for the other. 


Main Program 


Figure 21. Secondary Station Flow Charts 


During initialization, the chip is set to Auto mode, 
standard 
SDLC 
frame, 
and 
internally 
clocked 
at 


375 Kbps (see Figure 21). Internal 
buffer registers: 
RBS, RBL, TBS, and TBL are initialized. The RBE bit 
is set and the counter 0 is turned on. 


The secondary is configured to transmit an Information 
frame every time it is polled. The RTS pin is inverted 
and tied to INTI pin. External interrupt 
1 is enabled 


and set to interrupt on low to high transition of the 
RTS signal. This will cause an interrupt (EX I set) after 
a frame is transmitted. In the interrupt routine the CTS 
pin is cleared to prevent any automatic response from 
the secondary. If the CTS pin were not disabled, the 
secondary station would respond with a supervisory 
frame (RNR) since the TBF is set to zero by the SIU 
due to the acknowledge. In the SIU interrupt routine, 
the CTS pin is cleared after the TBF bit is set. If this 
option is not used, the primary should acknowledge the 
previously received frame and poll for the next frame in 
two separate transmissions. 


When a frame is received, counter 0 interrupt occurs 
and the receive routine is executed (see Figure 22). If 
the incoming frame is addressed to the station, the in- 
formation bytes are stored in external RAM; Other- 
wise, the program returns from the receive routine to 
perform other tasks. At the end of the frame, SIU inter- 
rupt occurs. In Auto mode, SIU interrupt occurs when- 
ever an Information frame or a supervisory frame is 
received. Transmission will not cause an interrupt. In 
the SIU interrupt service routine, the AM bit of the 
STS is checked. 


If AM bit is set, the interrupt is due to a frame whose 
address did not match with the address of the station. 
In this case, NFCS, AM, and the BOY bits are cleared, 
the RBE bit is set, the counter 0 is initialized and 
turned on, and program returns from the interrupt rou- 
tine. 


If AM bit is not set, a valid frame has been received and 
stored in the external RAM. TBF bit is set, CTS pin is 
activated, counter 0 is disabled and a call to transmit 
routine is made which transmits the contents of exter- 
nal transmit buffer. This frame also acknowledges the 
reception of the previously received frame (NS and NR 
are automatically incremented). Upon return from the 
transmit routine RBE is set and counter 0 is turned on, 
thereby putting the chip in the receive mode for anoth- 
er round of data exchange with the primary. 


Note that, if the second station is in receive mode, and 
the counter is enabled and turned on, the CPU will be 
interrupted each time a frame is on the communication 
channel. If the frame is not addressed to the secondary 
station, the chip enters the receive routine, executes 
only a few lines of code (address comparison) and re- 
turns to perform other tasks. This interrupt will not 
occupy the CPU for more than two data byte periods 
(43 microseconds at 375 Kbps). At the end of the 
frame, the BOY bit is set by the SIU, and the SIU 
interrupt occurs. In the SIU interrupt service routine, 


inter 


SIU Interrupt 


Figure 22. Secondary 
Station 
Flow Charts 


the RBE bit is set and the counter is turned on which 
put the chip back in the receive mode. 


Assembly code for the receive interrupt routine can be 
found in both primary and secondary software (Appen- 
dix B). The receive interrupt 
routine of the primary 


station is very similar to that of the primary station in 
example 1. In the following two sections the receive and 
transmit 
routine of the secondary 
stations are dis- 


cussed. 


In the receive interrupt service routine (see Figure 23), 
counter 0 is turned off, important registers are saved, 
receive buffer starting address and receive buffer length 
of the external RAM are set (do not confuse the exter- 
nal RAM settings with that of the internal RAM butT- 
er.) 


After reception of an opening flag, the byte processor 
jumps to the ADDRESS state and waits until the bit 
processor processes and moves the receiving address 
byte to SR. Then, the byte processor is triggered to 
execute the state. In the secondary stations, the CPU 
monitors the SIUST register for the ADDRESS state 
(SIUST 
= 
08H). 
When 
the 
ADDRESS 
state 
is 


reached, the byte processor is moved to the next state 
(CONTROL 
state), 
and 
the 
ADDRESS 
state 
is 


skipped. Therefore, when the address byte is moved to 
SR, the byte processor executes the CONTROL state 
rather than the ADDRESS state and then jumps to the 
PUSH-I state. The execution of the CONTROL state 
causes the contents of SR (the received address byte) to 
be loaded into the RCB register. 


The CPU checks the contents of RCB with the contents 
of the STAD (Station Address) register. If they match, 
the receive routine continues to store the received In- 
formation bytes in the external RAM buffer; Other- 
wise, the byte processor is moved to the very last state 
(BOV-LOOP), and the program returns from the rou- 
tine to perform other tasks. The byte processor executes 
the BOV-LOOP state in each byte boundary until the 
closing flag of the frame is reached. It then sets the 
BOV bit and interrupts the CPU (serial interrupt SI 
set). In the serial interrupt 
routine the counter 0 is 


turned back on, and the station is reset back to the 
receive mode (RBE set). 


In Normal operation, in the ADDRESS state, the re- 
ceived address byte is automatically compared with the 
station address. If they match, the byte processor exe- 
cutes the remaining states; otherwise, the byte proces- 
sor goes into the idle mode (SIUST = OIH) and waits 
for the opening flag of the next frame. In the expanded 
operation, this state is skipped to avoid idle mode. If 
the byte processor went into the idle mode, clocks 
which run the byte processor would be turned off, and 
the byte processor can not be moved to any other states 
by the CPU. When the byte processor is in idle mode, 
counter 0 can not be turned on immediately because 
counter interrupt occurs on the same frame, and pro- 
gram returns to the receive routine and stays there. 


If the address byte matches the station address, the byte 
processor is moved to the CONTROL state again. This 
time, after execution of the CONTROL state the con- 
tents of RCB are the received control byte. 


CPU investigates the type of received frame by check- 
ing the received control byte. If the receiving frame is 
not an information frame (i.e. Supervisory frame), exe- 
cution of receive routine will be terminated to free the 
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CPU. In Auto mode, the SIU checks the control byte 
and responds automatically in response to the supervi- 
sory frame. 


After the control byte is received, it is saved in the 
stack. The byte processor is moved to the CONTROL 
state so that the next incoming byte will also be loaded 
into the RCB register. The byte processor remains in 
CONTROL 
state until a byte is processed by the bit 
processor and moved to SR. The byte processor is then 
triggered to move the contents of SR to the RCB regis- 
ter. The CPU monitors SIUST and waits until the first 
Information byte is loaded into the RCB register. 


When byte processor reaches the PUSH-I state (SIUST 
= ISH), RCB contains the first Information byte. The 
byte is moved to external RAM (receive buffer), and 
the byte processor is moved back to the CONTROL 
state. The process continues until all of the Information 
bytes are received. When all the Information bytes are 
received, the program returns from the routine. The 
byte processor automatically goes through the remain- 
ing states, updates the STS register, and interrupts the 
CPU as it would in Normal operation. 


The transmit subroutine codes can be found in the pri- 
mary and the secondary software (Appendix B). The 
transmit subroutines of the Primary and secondary sta- 
tions are identical. A call to transmit routine is made 
when the RTS and TBF bits of the STS register are set. 
In Auto mode, RTS is set automatically upon reception 
of a poll-frame (poll bit of the control byte is set). 


In the transmit routine (see Figure 15), the starting ad- 
dress and the transmit buffer length of the external 
buffer are set. Then the CPU monitors the SIUST regis- 
ter for CONTROL 
state (SIUST 
= ASH). In the 


CONTROL state the bit processor transmits the con- 
trol byte, while the byte processor goes into the standby 
mode after it has moved the contents of a location in 
the internal RAM addressed by the contents of Trans- 
mit Buffer Start (TBS) register to the RB register. 


While the control byte is being transmitted and the byte 
processor is in standby, the CPU moves an Information 


byte from external RAM to the internal RAM location 
addressed by TBS. The byte processor is then moved to 
CONTROL state. This will cause the byte processor, in 
the next byte boundary, to move the contents of the 
same location in the internal RAM to the RB register 
(see transmit state diagram.) 


When this byte is being transmitted, the byte processor 
jumps to the OMA-LOOP state (SIUST = BOH) and 
waits. When the OMA-LOOP 
state is reached (CPU 


monitors SIUST for BOH), the CPU loads the next In- 
formation byte into the same location in the internal 
RAM and moves the byte processor to the CONTROL 
state before it gets to execute the OMA-LOOP 
state. 


Note that the same location in the internal RAM is 
used to transmit the subsequent Information bytes. 


When all the Information 
bytes from the external 


RAM are transmitted, the byte processor is free to go 
through the remaining states so that it will transmit the 
FCS bytes and the closing flag. 


The RUPI, with addition of only a few bytes of code, 
can accept and transmit large frames with some com- 
promise in the maximum data rate. It can be used in 
Auto or Flexible mode, with external or internal clock- 
ing, automatic CRC checking, and zero bit insertion/ 
deletion. In addition, almost all of the internal RAM is 
available to be used as general purpose registers, or in 
conjunction with the external RAM as transmit and 
receive buffers. 


All in all, this feature opens up new areas of applica- 
tions for this device. Besides transmitting/receiving 
long frames, it may now be possible to perform arith- 
metic operations or bit manipulation (e.g. data scram- 
bling) while transmission or reception is taking place, 
resulting in high throughput. Transmission of continu- 
ous flags and transmission with no zero insertion are 
also possible. 


In addition to unlimited frame size, an on-chip control- 
ler, automatic SOLC responses, full support of SOLC 
protocol, 192 bytes of internal RAM, and the highest 
data rate in self clocked mode compared to other chips 
make this product very attractive. 


APPENDIX 
A 
LISTING OF SOFTWARE 
MODULES 
FOR APPLICATION 
EXAMPLE 
1 


$DEBUG 
NOMOD51 
$INCLUDE 
(REG44.PDF) 


ASSEMBLY 
CODE FOR 
PRIMARY 
STATION 
(POINT 
TO POINT) 


FLEXIBLE 
MODE: 
FCS 
OPTION 


ORG 
SJMP 
ORG 
JJ1p 
ORG 
SJMP 


OOH 
INIT 
OBH 
REC 
23H 
SIINT 


LOCATIONS 
00 
THRU 26H 
ARE USED 
BY INTERRUPT 
SERVICE 
ROUTINES. 
VECTOR 
ADDRESS 
FOR TlMERO 
INT. 


ORG 
MOV 
MOV 
MOV 
MaV 
MOV 
MOV 
MOV 
SJJIP 


EXT CLOCK: 
PFS~N&-l 
INT 
TRANSMIT 
BUFFER 
START 
INT 
TRANSMIT 
BUFFER 
LENGTH 
STATION 
ADDRESS 
COUNTER 
FUNCTION; 
MODE 
EA-1; 
SI-1; 
ETO-1 
TRANSMIT 
A FRAME 
WAIT 
FOR AN INTERRUPT 


26H 
SMO,IOOOOOllOB 
TBS,UOH 
TBL,101H 
20H,155H 
TMOD,1000001llB 
IE,fl0010010B 
STS,flllOOOOOB 
DOT 


; 
SIU 
TRANSMITS 
THE 
PI'S 
BYTES, 
THE OPENNING 
FLAG, 
THE 
CONTENTS 


; 
OF 
LOCATION 
20H, 
THE 
CALCULATED 
FCS-BYTES, 
AND THE 
CLOSING 


; 
FLAG. 
AT 
THE 
END OF TRANSMISSION, 
SIU 
INTERRUPT 
OCCURS. 


SIINT: 
CLR 
SI 


JNB 
RBE, RECVED 
; 
TRANSMITTED 
A FRAME ? 


MOV 
TLO,IOF8H 
YES, 
INITIALIZE 
COUNTER REGISTER 


MOV 
DPTR,UOOH 
; 
EXT RAM RECEIVE 
BUFFER 
START 


MOV 
R5,IOFFH 
EXT RAM RECEIVE 
BUFFER 
LENGTH 


SETB 
TRO 
TURN ON COUNTER 
0 


RETI 
RETURN 


WHEN A FRAME APPEARS 
ON THE 
SERIAL 
CHANNEL, 
COUNTER 
(RECEIVE) 


INTERRUPT 
OCCURS. 
AFTER 
SERVICING 
THE 
INTERRUPT 
ROUTINE, 
SIU 


INTERRUPT 
OCCURS. 


REC: 
CLR 
TRO 
DISABLE 
THE 
COUNTER 
0 
INTERRUPT 


MOV 
A,fl8H 
PUSH-1 
STATE 


WAIT1: 
CJNE 
A, SIUST, 
WAIT1 


NEXTI: 
MOV 
SIUST,IOEFH 
MOVE BYP TO CONTROL STATE 


MOV 
A,fl8H 
PUSH-1 
STATE 


WAIT2: 
CJNE 
A,SIUST,WAIT2 


MOV 
A,Res 
MOVE RECEIVED 
BYTE 
INTO 
ACC. 


MOVX 
'DPTR, 
A 
MOVE DATA TO EXT. 
RAM 


INC 
DPTR 
INCREMENT 
POINTER 
TO EXT RAM 


OJNZ 
R5,NEXTI 
LAST 
BYTE 
RECEIVED? 


RETI 
YES, 
RETURN 


END 


$DEBUG 
NOMODS1 
$INCLUDE 
(REG44.PDF) 


ASSEMBLY 
CODE 
FOR SECONDARY 
STATION 
(POINT TO POINT) 
FLEXIBLE 
MODEl 
FCS OPTION 


ORG 
OOH 
SJllP 
INIT 
ORG 
23H 
SJKP 
SIINT 


ORG 
INIT: 
MOV 
MOV 


LDRAM: 
MOV 
MOVX 
INC 
DJNZ 


26H 
DPTR, .200H 
R3, .OFFH 
A,R3 
@DPTR,A 
DPTR 
R3,LORAM 


MOV 
MOV 
MOV 
MOV 
MOV 
MOV 
MOV 
MOV 
MOV 
MOV 
MOV 
SJKP 


SMD,.OOOOOllOB 
R1,UOH 
TBS,R1 
TBL,.OlH 
RBS,.20H 
RBL,.OlH 
STAD,15SH 
TCON,.OOH 
IE,U0010000B 
IP,.OFFH 
STS,.OlOOOOOOB 
DOT 


EXT 
CLOCK; 
PFS-NB-1 


INT RAM 
XHIT 
BUFFER 
START 
INT RAM 
XHIT 
BUFFER 
LENGTH 
INT RAM RECEIVE 
BUFFER 
START 
INT RAM 
RECEIVE 
BUFFER 
LENGTH 
STAD 
ADDRESS-SSH 
RESET 
TCON 
REGISTER 
ENABLE 
SI INT. 
IEA-1 
ALL 
INTERRUPTS: 
PRIORITY 
1 
RBE-1, 
RECEIVE 
A FRAME. 
WAIT 
FOR AN 
INTERRUPT 


; SIU 
INTERRUPT 
OCCURS 
AT THE 
END OF A RECEIVED 
FRAME 
OR 


I A TRANSMITTED 
FRAME. 
1********··.**** 
SERIAL 
CHANNEL INTERRUPT ROUTINE **** •• **.* •• 


SIINT: 
CLR 
SI 
JB 
RBE, RETRN 


MOV 
A,STAD 
CJNE 
A,20H,NMACH 
ACALL 
TRAN 


I RECEIVED 
A FRAME? 
YES 
STATION 
ADDRESS 
HATCHED? 
I YES, 
CALL 
TRANSMIT 
SUBROUTINE 


TRANSMIT 
SUBROUTINE 
IS CALLED 
TO TRANSMIT 
A LONG 
FRAME. 


AFTER 
TRANSMISSION, 
SI 
IS SET. 
SIU 
INTERRRUPT 
IS SERVICED 


AFTER 
THE 
CURRENT 
ROUTINE 
(SIINT) 
IS COMPLETED. 


;••••• 
*** ••• *** 
TRANSMIT 
SUBROUTINE 
** ••• *****.*. ***.*. ***** •• 


TRAN: 
MOV 
DPTR,.200H 
EXT RAM RECEIVE 
BUFFER 
START 
MOV 
RS, .OFFH 
EXT RAM RECEIVE 
BUFFER 
LENGTH 
SETB 
TBF 
SET TRANSMIT 
BUFFER 
FULL 
SETB 
RTS 
ENABLE 
XHISSION 
OF AN 
I-FRAME 
LOOP: 
MOVX 
A,@DPTR 
MOVE 
THE 
1ST I-BYTE 
INTO 
ACC. 
MOV 
@R1,A 
THEN, 
MOVE 
TO 
INT. RAM 
@ 
(TBS) 
MOV 
A,.OBOH 
DHA-LOOP 
STATE 


WAIT1: 
CJNE 
A,SIUST,WAIT1 
WAIT 
FOR XHISSION 
OF AN 
I-FRAME 


INC 
DPTR 
INCREMENT 
POINTER 
TO EXT. 
RAM 
DJNZ 
RS,NEXTI 
ALL 
BYTES 
XHITTED? 
MOVX 
A,@DPTR 
YES, 
EXCEPT 
THE 
LAST 
BYTE. 
MOV 
@R1,A 
MOVE 
DATA 
INTO 
INT. 
RAM 
@ 
(TBS) 
MOV 
SIUST,.S7H 
MOVE 
BYP TO CONTROL 
STATE 
THE SIU TRANSMITS 
THE 
FCS-BYTES 
AND THE 
CLOSING 
FLAG. 


RET 
RETURN 


NEXTI: 
MOV 
SIUST,.S7H 
MOVE 
BYP TO CONTROL 
STATE 
(ASH) • 
JKP 
LOOP 
TRANSMIT 
THE NEXT 
BYTE 


END 


inter 


APPENDIX 
B 
LISTING OF SOFTWARE 
MODULES 
FOR APPLICATION 
EXAMPLE 2 


$DEBUG NOMODS1 
$INCLUDE 
(REG44.PDF) 


ASSEMBLY CODE FOR PRIMARY STATION 
(MULTIPOINT) 


FLEXIBLE MODE, FCS OPTION 


ORG 
SJHP 
ORG 
JHP 
ORG 
SJHP 


OOH 
INIT 
OSH 
REC 
23H 
SIINT 


I LOCATIONS 00 THRU 26H ARE USED 
BY INTERRUPT SERVICE ROUTINES. 
VECTOR ADDRESS FOR TlMERO INT. 


ORG 
26H 


INIT: 
MOV 
DPTR,'200H 
EXT RAM XMIT BUFFER START 


MOV 
R3,'OFFH 
I EXT RAM XMIT BUFFER LENGHT 
LORAM: MOV 
A,R3 


MOVX 
@DPTR,A 
LOAD BUFFER WITH FFH,FEH, •••OO 


INC 
DPTR 
INCREMENT POINTER 
OJNZ 
R3 ,LORAM 
,.*••••*•• ************ 
INITIALIZATION 
••••• 
****.*** •••• *** ••• 


MOV 
RO,'OBFH 
PUT 
ZEROS INTO INT. RAM 
LOOP: 
MOV 
A, 'OOH 
FROM BFH TO 40H. 
MOV 
@RO,A 
MOVE o INTO RAM ADORESSO BY RO 
DEC 
RO 
CJNE 
RO,'40H,LOOP 


MOV 
30H,'OOH 
NS COUNTER FOR STAD=S5 
MOV 
31H,'OOH 
NR COUNTER FOR STADaSS 
MOV 
32H"OFFH 
NS COUNTER FOR STADa44 
MOV 
33H,'OFFH 
NR COUNTER FOR STADa44 
MOV 
34H,'OlH 
PONITER TO SECONDARY STATIONS 
MOV 
SMD,'11010100B 
INT. CLKED @ 37SKI NRZI-1; PFS-1 
MOV 
RSS,flOH 
INT. RAM RECEIVE BUFFER START-10H 
MOV 
RBL,'OOH 
I INT. RAM RECEIVE BUFFER LENGTH-O 
MOV 
R1,12oH 
INT. RAM XMIT BUFFER START-20H 
MOV 
TBS,Rl 
MOV 
TBL,'OlH 
I INT. RAM XMIT BUFFER LENGTH-1 
MOV 
NSNR,'OOH 
NS-NR-O 
MOV 
TMOD"OOOOO111B 
COUNTER FUNCTION, MODE 3 


MOV 
TCON,'OOH 


MOV 
IE,flO010010B 
lEA-I, 
SI-11 ETO-1 
MOV 
IP,'OOOOOO10B 
TIMER 0 INT. PRIORITY 1 
MOV 
TCB,'OOO10000B 
I-FRAME W/POLL 
MOV 
STAD,'SSH 
ADDRESS BYTE-SSH 
MOV 
STS,fl1100000B 
RBE-TBF-RTS-1 


CLR 
JB 
HOV 
JB 
HOV 
CJNE 
HOV 
INC 
ANL 
HOV 
HOV 
INC 
ANL 
HOV 
RL 
RL 
RL 
RL 
ORL 
RL 
ORL 
HOV 


HOV 
HOV 
JIIP 
HOV 
INC 
ANL 
HOV 
HOV 
INC 
ANL 
HOV 
RL 
RL 
RL 
RL 
ORL 
RL 
ORL 
HOV 


51 
RBE,RETURN 
A,Rea 
ACC.O,GETI 
A, 'OlH 
A,34H,SKIP 
A,30H 
A 
A, ,00000111B 
30H,A 
A,31H 
A 
A,'00000111B 
31H,A 
A 
A 
A 
A 
A,30H 
A 
A,'00010000B 
Tea,A 


STAD,155H 
34H,'OOH 
GETI 
A,32H 
A 
A, ,00000111B 
32H,A 
A,33H 
A 
A,'OOOOOl11B 
33H,A 
A 
A 
A 
A 
A,33H 
A 
A,'00010000B 
Tea, A 


I 
CLEAR 
SI 


RECEIVED 
A l'RAME 
? 
YES, 
LOAD ACC WITH 
REc 
CNTRL 
BYTE 
IS 
IT 
AN I-l'RAME 
? 


I 
YES 


HOVE 
NS 
INTO 
ACC. 
INCREKENT 
MS 
MASK OUT 
THE 
LEAST 
3 
SIG. 
BITS 
SAVE 
NS 
HOVE 
NR 
INTO 
ACC. 


INCREKENT 
NR 
MASK OUT 
THE 
LEAST 
SIG. 
BITS 
SAVE 
NR 
SHIFT 
4 
BITS 
TO 
LEFT 


I 
HOVE 
NS 
COUNT TO ACC. 
SHIFT 
1 
BIT 
TO 
LEFT 
SET 
THE 
POLL 
BIT 
HOVE 
CONTROL 
BYTE 
INTO 
TCB 
REG. 


TeB: 
NR2,HR1,NRO,1,KS2,KS1,HSO,o 


I 
HOVE 
NS 
INTO 
ACC. 
INCREKENT 
NS 
MASK OUT THE 
LEAST 
3 
SIG. 
BITS 
SAVE 
NS 
I 
HOVE NR 
INTO 
ACC. 


INCREKENT 
NR 
MASK OUT THE 
LEAST 
SIG. 
BITS 


I 
SAVE 
NR 
SHIFT 
4 
BITS 
TO 
LEFT 


HOVE 
NS 
COUNT TO ACC. 
SHIFT 
1 
BIT 
TO 
LEFT 
SET 
THE 
POLL 
BIT 


HOVE 
CONTROL 
BYTE 
INTO 
TCB 


; 
TeB: 
NR2,NR1,NRO,1,NS2,NS1,NSO,O 


HOV 
STAD, '44H 
KOV 
34H, 
'OlH 
GETI: 
KOV 
STS,'ll100000B 


ACALL 
TRAN 
RETI 
RETURN: 
CLR 
EA 
HOV 
TLO, 'OFBH 
SETB 
TRo 
SETB 
EA 
RETI 
,.*.*.* ••••*.*. RECEIVE 
INTERRUPT 
ROUTINE 
••• ****.********* 
•• 


WAITI: 


NEXTI: 


WAIT2: 


CLR 
KOV 
HOV 
KOV 
CJME 
PUSH 
HOV 
HOV 
CJNE 
HOV 
HOVX 
INC 
DJNZ 
POP 
RETI 


TRO 
DPTR,f400H 
R5,'OFFH 
A,fl8H 
A, SIUST, 
WAITI 


RCB 
S lUST, 
'OEFH 
A,fl8H 
A, SIUST, 
WAIT2 
A,Rea 
IDPTR,A 
DPTR 
R5,NEXTI 
RCB 


ENABLE 
TRANSMISSION 
CALL 
TRANSMIT 
ROUTINE 


DISABLE 
ALL 
INTERRUPTS 
INTERRUPT 
AFTER 
8 
COUNTS 


TURN ON COUNTER 
0 


TURN OFF 
COUNTER 
0 


EXT. 
RAM RECEIVE 
BUFFER 
START 
EXT. 
RAM RECEIVE 
BUFFER 
LENGTH 


PUSH-l 
STATE 
WAIT 
FOR THE 
CONTROL 
BYTE 
SAVE 
RECEIVE 
CONTROL 
BYTE 
PUSH 
"BYP" 
INTO 
CONTROL 
STATE (10H) 
• 


PUSH-I 
STATE 
WAIT 
FOR 
AN I-BYTE 


MOVE RECEIVED 
I-BYTE 
INTO 
ACC. 
MOVE DATA TO EXT. 
RAM 
INCREKENT 
PTR 
TO EXTERNAL 
RAM 
IS 
IT 
THE 
LAST 
I-BYTE? 
YES, 
RESTORE 
THE 
CONTENTS 
OF 
RCB 
RETURN 


MOV 
MOV 
MOV 
CJNE 
MOVX 
MOV 
INC 
DJNZ 
KOV 
RET 
MOV 
MOV 
JKP 


DPTR,f200H 
R5, 
'OFFH 
A, 'OA8H 
A, SIUST, 
WAIT 
A,@DPTR 
@Rl,A 
DPTR 
R5,NXTI 
SIUST,'57H 


SlUST,I57H 
A,'OBOH 
WAIT 


I 
EXT. 
RAM TRANSMIT 
BUFFER 
START 
EXT. 
RAM TRANSHIT 
BUFFER 
LENGTH 


I 
CONTROL 
STATE 
WAIT 
FOR 
CTRL 
BYTE 
XIIISSION 


I 
HOVE 
DATA FROM EXT. 
RAM TO ACC. 


HOVE 
DATA INTO 
INT. 
RAM I 
(TBS) 
INCREKENT 
POINTER 
IS 
IT 
THE 
LAST 
I -BYTE 
? 
NO. 
XIIIT 
THE 
LAST 
I-BYTE 
RETURN. 
KEEP 
"BYP" 
IN 
CONTROL 
STATE (A8H) 
• 


DNA-LOOP 
STATE 


TRANSMIT 
THE 
NEXT 
BYTE 


$DEBUG 
NOMOD51 
$INCLUDE 
(REG44.PDF) 


ASSEMBLY 
CODE 
FOR SECONDARY 
STATIONS 
(MULTIPOINT) 


AUTO 
MODE; 
FCS OPTION 


ORG 
OOH 


SJMP 
INIT 


ORG 
OBH 
VECTOR 
ADDRESS 
FOR TlllERO INT. 


JMP 
REC 
ORG 
13K 
VECTOR 
ADDRESS 
FOR 
EXT. 
INT. 
1 


JMP 
XINT1 


ORG 
23H 
I VECTOR 
ADDRESS 
FOR 
SIU 
INTERRUPT 


JMP 
SIINT 


26H 
SMD,,11010100B 
STAD,t55H 


INT. 
CLKED 
I 375K;NRZI-1;PFS-1 
STATION 
ADDRESS; 
STAD-44H 
FOR THE 
OTHER 
STATION 
INT. RAM 
RECEIVE 
BUFFER 
START 
INT. 
RAM RECEIVE 
BUFFER 
LENGTH 


INT. RAM 
XMIT 
BUFFER 
START 
I INT. 
RAM 
XMIT 
BUFFER 
LENGTH 
NS-NR-O 


I EXT. 
INT.: 
EDGE TRIGGERED 
SI-1: 
ETO-1; 
EXO-1 
TIMER 
0: PRIORITY 
1 
COUNTER 
l'UllCTION:MODE 
3 
RECEIVE 
I-FRAME. 


SET 
COUNTER 
TO OVERFLOW 
AFTER 
S COUNTS 


SETB 
TRO 
TURN 
ON COUNTER 


SETB 
EA 
ENABLE 
ALL 
INTERRUPTS 


DOT: 
SJMP 
DOT 
: WAIT 
FOR AN 
INTERRUPT. 


; CPO 
IS INTERRUPTED 
AT THE END 
OF RECEPTION 
(51 SET), 
AND AT" 


; THE 
END 
OF LONG-FRAME 
TRANSMISSION 
(EXO SET). 
" 


RBS,flOH 
RaL,'OOH 
R1, tzOH 
TBS,R1 
TBL, ,01H 
NSNR,'OOH 
TCON,,00000100B 
IE,,00010110B 
IP,,00000010B 
THOD, ,0000011B 
STS.'01000010B 
TLO,'OFSH 


CLR 
JB 
CLR 
MOV 
MOV 
SETB 
SETB 
RETI 


51 
AM,HOP 
EA 
STS,,01000010B 
TLO,'OFSH 
TRO 
EA 


: 
HOP: 
JB 
TBF,GETI 
SETB 
TBF 
CLR 
Pl. 7 


ACALL 
TRAN 


GETI: 
JB 
RBE,RETURN 
CLR 
EA 
SETB 
RaE 
MOV 
TLO.'OFSH 
SETB 
TRO 
SETB 
EA 
RETURN: 
RETI 
;••••••• 
*** •••• *** 
TRANSMIT 


MOV 
MOV 
MOV 
CJNl! 
MOVX 
MOV 
INC 
DJNZ 
MOV 
RET 
MOV 
MOV 
JMP 


DPTR.tzOOH 
R5,tOFFH 
A.tOASH 
A,SlUST,WAIT 
A.IDPTR 
IR1,A 
DPTR 
R5,NXTI 
SIUST,t57H 


SIUST,157H 
A, tOBOH 
WAIT 


ADDRESS 
MATCHED? 
DISABLE 
ALL 
INTERRUPTS 
RBE-1; 
NB-1 


TURN 
ON COUNTER 
0 
ENABLE 
ALL 
INTERRUPTS 
RETURN. 


; A FRAME 
TRANSMITTED? 
ENABLE 
TRANSMISSION 
OF 
I-FRAME 


I ENABLE 
CTS 
PIN 
. 


CALL 
TRANSMIT 
ROUTINE 
A FRAME 
RECEIVED? 
DISABLE 
ALL 
INTERRUPTS 
PUT RUPI 
IN RECEIVE 
MODE 


TURN 
ON COUNTER 
0 
ENABLE 
ALL 
INTERRUPTS 


; RETURN. 


SUBROUTINE 
*.** •••• ** •• *********** 


EXT. 
RAM TRANSMIT 
BUFFER 
START 
EXT. 
RAM 
TRANSMIT 
BUFFER 
LENGTH 
CONTROL 
STATE 
WAIT 
FOR 
CONTROL 
BYTE TRANSMISSION 
MOVE 
DATA 
FROM 
EXT. 
RAM TO ACC. 


MOVE 
DATA 
INTO 
INT. RAM AT 
@TBS 
INCREMENT 
POINTER 
IS IT THE 
LAST 
I-BYTE 
? 
XMIT 
THE 
LAST 
I-BYTE 
RETURN. 
KEEP 
"BYP" 
IN CONTROL 
STATE 
DMA-LOOP 
STATE 
TRANSMIT 
THE 
NEXT 
BYTE 


l··········RECEIVE 
INTERRUPT 
ROUTINE·························· 


DC: 
CLR 
TRO 
TURN OFF 
COUNTER 
0 
MOV 
DPTR,f200H 
EXT. 
RAIl RECEIVE 
BUFFER 
START 
MOV 
RS,'OFFH 
EXT. 
RAIl RECEIVE 
BUFFER 
LENGTH 
MOV 
A,'08H 
ADDRESS 
STATE 


HOLD: 
CJlIE 
A,SIUST,HOLD 
WAIT 
FOR ADDeSS 
BYTE 
MOV 
SIUST, 
'OEFH 
MOVE "BYP" 
INTO 
CONTROL 
STATE 
SKIP 
THE 
ADDRESS 
STATE 
MOV 
A,fl8H 
PUSH-l 
STATE 


WAIT1: 
CJlIE 
A,SIUST,WAITl 
WAIT 
FOR THE 
ADDeSS 
BYTE 
MOV 
A,RCB 
MOVE THE 
RECEIVED 
ADDRESS 
BYTE TO ACC. 
CJlIE 
A,STAD,WAIT2 
ADDRESS 
MATCHED? 
SJMP 
WAIT3 
YES. 


WAIT2: 
MOV 
RCB,'OOOlOOOOB 
MOVE INFO. 
CONTROL 
BYTE TO RCB 


MOV 
SIUST, 
'OCFH 
MOVE "BYP" 
INTO 
BOV-LOOP 
STATE 


RETI 
I 
RETURN 


I 
WAIT3: 
MOV 
SIUST,'OEFH 
MOVE "BYP" 
INTO 
CONTROL 
STATE 
MOV 
A,fl8H 
PUSH-l 
STATE 


WAIT4: 
CJlIE 
A,SIUST,WAIT4 
WAIT 
FOR 
THE 
CONTROL 
BYTE 
MOV 
A,RCB 
MOVE RECEIVE 
CONTROL 
BYTE 
INTO 
ACC. 
JB 
ACC.O,RTRH 
IF 
NOT AN I-FRAIIE 
RETURN 
PUSH 
RCB 
SAVE 
eCEIVE 
CONTROL 
BYTE 


NEXTI: 
MOV 
SIUST, 
'OEFH 
PUSH 
"BYP" 
INTO 
CONTROL 
STATE(lOH). 


MOV 
A,fl8H 
PUSH-l 
STATE 


WAITS: 
CJlIE 
A,SIUST,WAITS 
I 
WAIT 
FOR AN I-BYTE 
MOV 
A,Res 
MOVE RECEIVED 
I -BYTE 
INTO 
ACC. 


MOVX 
fDPTR,A 
MOVE DATA TO EXT. 
RAIl 


INC 
DPTR 
I 
INCREMENT 
PTR 
TO EXTERNAL 
RAIl 


OJHZ 
RS,HEXTI 
IS 
IT 
THE 
LAST 
I-BYTE? 


POP 
RCB 
YES. 
RESTORE 
THE 
CONTENTS 
OF RCB 


RTRH: 
RETI 
RETURN 


END 
292019-40 
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The 80186 microprocessor family holds the position of 
industry standard among high integration microproces- 
sors. VLSI technology incorporates the most common- 
ly used peripheral functions with a 16-bit CPU on the 
same silicon die to assure compatibility and high reli- 
ability (see Figure I). The 80186 reputation for flexibili- 
ty and uncomplicated programming make it the first 
choice microprocessor for such data control applica- 
tions as local area network 
equipment, 
PC add-on 


cards, terminals, disk storage subsystems, avionics, and 
medical instrumentation. 


There are two purposes to this Application Note. The 
first is to explain the operation of the integrated 80186 
peripheral 
set with a degree of detail not possible 


in the data sheet. The second is to describe, through 
examples, the use of the 80186 with other digital logic 
such as memory. 


The 80186 family actually consists of 4 devices: the 
original 80186 and 80188, and the new 8OCl86 and 
8OCl88 
microprocessors 
manufactured 
on 
Intel's 


CHMOS III process. The 80188 and 80CI88 are 16-bit 
microprocessors but have 8-bit external data buses. The 
80CI86 and 80CI88 offer the advantage of increased 
speed (up to 16 MHz) and important new features in- 
cluding a Refresh Control Unit, Power-Save Logic, and 
ONCETM Mode (see Figure 2). For simplicity, this Ap 
Note uses the name 80186 to refer collectively to all the 
members of the 80186 family. Differences between indi- 
vidual processors are pointed out as necessary. 
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Xl 
X2 


CLOCK 
GENERATOR 
PROGRAMMABLE 
INTERRUPT 
CONTROLLER 


REFRESH 
CONTROL 
UNIT 


HOLD 
HLDA 


ADO· 
A16/S3. 
AD15 
A19/S6 


o 


MAXIMUM 
COUNT 
REGISTER. 


•••• 
,•• U •• COUNT 


AEGISTER 
A 


11·111 
COUNT 
REGISTEFIS 


.~~ON"'"-II 


l6-BIT 
ALU 


__ J 


2.0 OVERVIEW OF THE 80186 
FAMILY 


The 80186 CPU shares a common base architecture 
with the 8086, 8088, 80286, and 80386 processors. It is 
completely object code compatible with the 8086/88. 
This architecture features four 16-bit general purpose 
registers (AX, BX, CX, OX) which may be used as 
operands in most arithmetic operations in either 8- or 
16-bit units. It also features four 16-bit pointer registers 
(SI, 01, BP, SP) which may be used both in arithmetic 
operations and in accessing memory based variables. 
Four 16-bit segment registers (CS, OS, SS, ES) allow 
simple memory partitioning to aid construction of mod- 
ular programs. Finally, it has a 16-bit instruction point- 
er and a 16-bit status register. 


Physical memory addresses are generated by the 80186 
identically to the 8086. The 16-bit segment value is 
shifted left 4 bits and then added to an offset value 
which is derived from combinations 
of the pointer 


o 


20·811 SOUACE 


POINTlAS 


2O-8'T 
DESTINATION 


PINT 
R 


1I·8lT 
COUNT REGISTERS 


CHIP 
SELECT 
CONTROL 
UNIT 


registers, the instruction pointer, and immediate values 
(see Figure 3). Any carry of this addition is ignored. 
The result is a 20-bit physical address. 


The 80186 has a 16-bit ALU which performs 8 or 16- 
bit arithmetic and logical operations. It provides for 
data 
movement among registers, memory and I/O 


space. In addition, the CPU allows for high speed data 
transfer from one area of memory to another using 
string move instructions, and to or from an I/O port 
and memory using block I/O instructions. Finally, the 
CPU provides many conditional branch and control in- 
structions. 


In the 80186, as in the 8086, instruction fetching and 
instruction execution are performed by separate units: 
the bus interface unit and the execution unit, respec- 
tively. The 80186 also has a 6-byte prefetch queue as 
does the 8086. The 80188 has a 4-byte prefetch queue 
as does the 8088. As a program is excecuting, opcodes 
are fetched from memory by the bus interface unit and 
placed in this queue. Whenever the execution unit re- 
quires another opcode byte, it takes the byte out of the 
queue. Effective processor throughput 
is increased by 


inter 
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Figure 3. Physical Address 
Generation In the 80186 


adding this queue, since the bus interface unit may con- 
tinue to fetch instructions while the execution unit exe- 
cutes a long instruction. Then, when the CPU com- 
pletes this instruction, it does not have to wait for an- 
other instruction to be fetched from memory. 


Although the 80186 is completely object code compati- 
ble with the 8086, most of the 8086 instructions require 
fewer clock cycles to execute on the 80186 than on the 
8086 because of hardware enhancements in the bus in- 
terface unit and the execution unit. In addition, the 
80186 has many new instructions which simplify as- 
sembly language programming, enhance the perform- 
ance of high level language implementations, and re- 
duce code size. The added instructions are described in 
Appendix H of this Ap Note. 


The 80186 includes a DMA unit which provides two 
flexible DMA channels. This DMA unit will perform 
transfers to or from any combination of I/O space and 
memory space in either byte or word units. Every 
DMA cycle requires two to four bus cycles, one or two 
to fetch the data and one or two to deposit the data. 
This allows word data to be located on odd boundaries, 
or byte data to be moved from odd locations to even 
locations. 


Each 
DMA 
channel 
maintains 
independent 
20-bit 


source and destination pointers. Each of these pointers 
may independently 
address 
either 
110 or memory 


s~ace. A.fter each DMA cycle, the pointers may be op- 
tIOnally mcremented, decremented, or maintained con- 
stant. Each DMA channel also maintains a transfer 


count which can terminate a series of DMA transfers 
after a pre-programmed number of transfers. 


The timer unit contains 3 independent 
16-bit timer/ 


counters. Two of them can count external events, pro- 
vide waveforms based on either the CPU clock or an 
external clock, or interrupt the CPU after a specified 
count. 
The 
third 
timer/counter 
counts 
only 
CPU 


clocks. After a programmable interval, it can interrupt 
the CPU, provide a clock pulse to either or both of the 
other timer/counters, 
or send a DMA request pulse to 


the integrated DMA controller. 


The integrated interrupt controller arbitrates interrupt 
requests between all internal and external sources. It 
can be directly cascaded as the master to an external 
8259A or 82C59A interrupt controller. In addition, it 
can be configured as a slave controller. 


The on-board crystal oscillator can be used with a par- 
allel resonant, fundamental mode crystal at 2X the de- 
sired CPU clock speed (i.e" 16 MHz for an 8 MHz 
80186), or with an external oscillator also at 2X the 
CPU clock. The output of the oscillator is internally 
divided by two to provide the 50% duty cycle CPU 
clock from which all 80186 system timing is derived. 
The CPU clock is externally available, and all timing 
parameters are referenced to it. 


2.7 Chip Select and Ready 
Generation 
Unit 


The 80186 includes integrated chip select logic which 
can be used to enable memory or peripheral devices. Six 
output lines are used for memory addressing and seven 
output lines are used for peripheral addressing. 


The memory chip select lines are split into 3 groups for 
separately addressing the major memory areas in a typi- 
cal 80186 system: upper memory for reset ROM, lower 
memory for interrupt vectors, and mid-range memory 
for program memory. The size of each of these regions 
ISuser programmable. The starting location and ending 
location of lower memory and upper memory are fixed 
at OOOOOHand FFFFFH respectively; the starting loca- 
tion of the mid-range memory is user programmable. 


Each of the seven peripheral select lines address one of 
seven contiguous 128 byte blocks above a programma- 
ble base address. This base address can be located in 


inter 


either memory or I/O space so that peripheral devices 
may be I/O or memory mapped. 


Each of the programmed chip select areas has associat- 
ed with it a set of programmable ready bits. These bits 
allow a programmable number of wait states (0 to 3) to 
be automatically inserted whenever an access is made 
to the area of memory associated with the chip select 
area. In addition, a bit determines whether the external 
ready signals (ARDY 
and SRDY) will be used, or 


whether they will be ignored (i.e., the bus cycle will 
terminate even though a ready has not been returned on 
the external pins). There are 5 total sets of ready bits 
which allow independent ready generation for each of 
upper memory, lower memory, mid-range memory, pe- 
ripheral devices 0- 3 and peripheral devices 4-6. 


The integrated peripheral and chip select circuitry is 
controlled 
by sets of 16-bit registers accessed using 


standard input, output, or memory access instructions. 
These peripheral control registers are all located within 
a 256 byte block which can be placed in either memory 
or I/O space. Because they are accessed exactly as if 
they were external devices, no new instruction types are 
required to access and control the integrated peripher- 
als. 


The 80186 bus structure is very similar to that of the 
8086. It includes a multiplexed address/data bus, along 
with various control and status lines (see Table I). Each 
bus cycle requires a minimum of 4 CPU clock cycles 
along with any number of wait states required to ac- 
commodate access limitations of external memory or 
peripheral 
devices. The bus cycles initiated by the 


80186 CPU are identical to the bus cycles intitiated by 
the 80186 integrated DMA unit. 


Each clock cycle of the 80186 bus cycle is called a "Tn 
state, and are numbered sequentially Tl> T2' T3' Tw 
and T4. Additional idle T states (Tj) can occur between 
T4 and T 1 when the processor requires no bus activity 
(instruction fetches, memory writes, I/O reads, etc.). 
The ready signals control the number of wait states 
(tw) inserted in each bus cycle. The maximum number 
of wait states is unbounded. 


The beginning of a T state is signaled by a high to low 
transition of the CPU clock. Each T state is divided 
into two phases, phase I (or the low phase) and phase 2 
(or the high phase) (see Figure 4). 
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NOTES: 
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Different types of bus activity occur for all of the 
T-states (see Figure 5). Address generation information 
occurs during Tl> data generation during T2' T3' Tw 
and T4. The beginning of a bus cycle is signaled by the 
status lines of the processor going from a passive state 
(all high) to an active state in the middle of the T-state 
immediately before Tl (either a T4 or a TV. Informa- 
tion concerning an impending bus cycle appears during 
the T-state immediately before the first T-state of the 
cycle itself. Two different types of T4 and Tj can be 
generated: one where the T state is immediately fol- 
lowed by a bus cycle, and one where the T state is 
immediately followed by an idle T state. 


During the first type of T4 or Tj, status information 
concerning the impending bus cycle is generated for the 
bus cycle immediately to follow. This information will 
be available no later than teHsv after the low-to-high 
transition of the 80186 clock in the middle of the T 
state. During the second type of T4 or Tj, the status 
outputs remain inactive because no bus cycle will fol- 
low. The decision on which type T4 or Tj state to pres- 
ent is made at the beginning of the T-state preceding 
the T4 or Tj state (see Figure 6). This determination has 
an effect on bus latency (see Section 3.3.2). 
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control 
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Name 


ADO-AD15 
A16/S3-A19-S6, 
SHE/S7 
TEST 
HOLD, HLDA 
ALE, RD, WR, DT /A", DEN 
LOCK 
SRDY,ARDY 
SO-S2 


T, or 
T. 
t 
T. 
Tj 


DecisKm: No' bus activity 
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I 
1 
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required-no Idle bus cycles 
I 
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CLOCK 


OUT 
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Physical addresses are generated by the 80186 during 
T I of a bus cycle. Since the address and data lines are 
multiplexed on the same set of pins, addresses must be 
latched during TI if they are required to remain stable 
for the duration of the bus cycle. To facilitate latching 
of the physical address, the 80186 generates an active 
high ALE (Address Latch Enable) signal which can be 
directly connected to a transparent latch's strobe input. 


Figure 7 illustrates the physical address generation pa- 
rameters of the 80186. Addresses are guaranteed valid 
no greater than teLAv after the beginning of Thand 
remain valid at least tcLAX after the end of TI. The 
ALE signal is driven high in the middle of the T state 
(either T4 or TJ immediately preceding TI and is driv- 
en low in the middle ofTI, no sooner than tAVLLafter 
addresses become valid. This parameter (tAvLd 
is re- 


quired to satisfy the address latch set-up times of ad- 
dress valid until strobe inactive. Addresses remain sta- 
ble on the address/data 
bus at least tLLAX after ALE 


goes inactive to satisfy address latch hold times. 


T,OR 


T. 


CLOCK 


OUT 


NOTES: 
1. teHLH:Clock highto ALEhigh 
2. teLAV:Clocklowto address valid 
3. teHLL:Clockhighto ALElow 
4. teLAX:Clock low to address invalid (address hold 
from clock low) 
5. tLLAX:ALElowto address invalid(address holdfrom 
ALE) 
6. tAVLL:Address valid to ALElow (address setup to 
ALE) 


Figure 7. Address Generation 
Timing of the 80186 


Because ALE goes high before addresses become valid, 
the delay through the address latches will be the propa- 
gation delay through the latch rather than the delay 
from the latch strobe, which is typically longer than the 


propagation delay. Note that the 80186 drives ALE 
high one full clock phase earlier than the 8086 or the 
82C88 bus controller, and keeps it high throughout the 
8086 or 82C88 ALE high time (i.e., the 80186 ALE 
pulse is wider). 


A typical circuit for latching physical addresses is 
shown in Figure 8. This circuit uses 3 transparent octal 
non-inverting latches to demultiplex all 20 address bits 
provided by the 80186/80188. Typically, the upper 4 
address bits only select among various memory compo- 
nents or subsystems, so when the integrated chip selects 
(see Section 8) are used, these upper bits need not be 
latched. The worst case address generation time from 
the beginning of T 1 (including address latch propaga- 
tion time for the circuit is: 


Many memory or peripheral devices may not require 
addresses to remain stable throughout a data transfer. 
If a system is constructed wholly with these types of 
devices, addresses need not be latched. In addition, two 
of the peripheral chip select outputs of the 80186 may 
be configured to provide latched AI and A2 outputs for 
peripheral register selects in a system which does not 
demultiplex the address/data 
bus. 
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Figure 8. Demultlplexlng 
the Address Bus 


of the 80186 Using Transparent Latches 
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One more signal is generated by the 80186 to address 
memory: BHE (Bus High Enable). This signal, along 
with AO, is used to enable byte devices connected to 
either or both halves (bytes) of the 16-bit data bus. Be- 
cause AO is used only to enable devices onto the lower 
half of the data bus, memory chip address inputs are 
usually driven by address bits AI-AI9, 
not AO-AI9. 
This provides 512K unique word addresses, or 1M 
unique byte addresses. BHE is not present on the 8-bit 
80188. All data transfers occur on the 8-bits of the data 
bus. 


Throughout T2, T3, Tw and T4 of a bus cycle the mul- 
tiplexed address/data 
bus becomes a 16-bit data bus. 


Data transfers on this bus may be either bytes or words. 
All memory is byte addressable (see Figure 9). 


All bytes with even addresses (AO = 0) reside on the 
lower 8 bits of the data bus, while all bytes with odd 
addresses (AO = I) reside on the upper 8 bits of the 
data bus. Whenever an access is made to only the even 
byte, AO is driven low, BHE is driven high, and the 
data transfer occurs on DO- D7 of the data bus. When- 
ever an access is made to only the odd byte, BHE is 
driven low, AO is driven high, and the data transfer 
occurs on D8-D15 
of the data bus. Finally, if a word 


access is performed to an even address, both AO and 
BHE are driven low and the data transfer occurs on 
DO-DI5 
of the data bus. 


Word accesses are made to the addressed byte and to 
the next higher numbered byte. If a word access is per- 
formed to an odd address, two byte accesses must be 
performed, the first to access the odd byte at the first 
word address on D8-D15, 
the second to access the 


even byte at the next sequential word address on DO- 
D7. For example, in Figure 9, byte 0 and byte I can be 
individually accessed in two separate bus cycles to byte 
addresses 0 and I at word address O.They may also be 
accessed together in a single bus cycle to word address 
O.However, if a word access is made to address I, two 
bus cycles will be required, the first to access byte I at 
word address 0 (note byte 0 will not be accessed), and 
the second to access byte 2 at word address 2 (note byte 
3 will not be accessed). This is why all word data 
should be located at even addresses to maximize proc- 
essor performance. 


When byte reads are made, the data returned on the 
unused half of the data bus is ignored. When byte 
writes are made, the data driven on the unused half of 
the data bus is indeterminate. 


Because the 80188 and 8OCl88 externally have only 8- 
bit data buses, the above discussion about upper and 
lower bytes of the data bus does not apply. No perform- 
ance improvement will occur if word data is placed on 
even boundaries in memory space. All word accesses 
require two bus cycles, the first to access to lower byte 
of the word; the second to access the upper byte of the 
word. 


Any 80188/8OC188 access to the integrated peripherals 
is performed 16 bits at a time, whether byte or word 
addressing is used. If a byte operation is used, the exter- 
nal bus only indicates a single byte transfer even though 
the word access takes place. 


Because of the bus drive capabilities of the 80186, addi- 
tional buffering may not be required in many small sys- 
tems. If data buffers are not used in the system, care 
should be taken not to allow bus contention between 
the 80186 and the devices directly connected to the 
80186 data bus. Since the 80186 floats the address/data 
bus before activating any command lines, the only re- 
quirement on a directly connected device is that it float 
its output drivers after a read before the 80186 begins 
to drive address information for the next bus cycle. The 
~ameter 
of interest here is the minimum time from 


RD inactive until addresses active for the next bus cy- 
cle (tRHAY)' If the memory or peripheral device cannot 
disable its output drivers in this time, data buffers will 
be required to prevent both the 80186 and the device 
from driving these lines concurrently. This parameter is 
unaffected by the addition of wait states. Data buffers 
solve this problem because their output float times are 
typically much faster than the 80186 required mini- 
mum. 
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Figure 9. Physical Memory Byte/Word 
Addressing In the 80186 


If data buffers are required, the 80186 provides DEN 
(Data ENable) and DT;R 
(Data TransmitlReceive) 


signals to simplify buffer interfacing. The DEN and 
DT/R 
signals are activated 
during 
all bus cycles. 
The DEN signal is driven low whenever the processor 
is either ready to receive data (during a read) or when 
the processor is ready to send data (during a write). In 
other words, DEN is low during any active bus cycle 
when address information is not being generated on the 
address/data 
pins. In most systems, the DEN signal 


should not be directly connected to the OE input of 
buffers, since unbuffered devices (or other buffers) may 
be direc~onnected 
to the processor's address/data 


pins. If DEN were directly connected to several buffers, 
contention would occur during read cycles, as many 
devices attempt to drive the processor bus. Rather, it 
should be a factor (along with the chip selects for buff- 
ered devices) in generating the output enable. 


The DT;R 
signal determines 
the direction of data 


through the bi-directional buffers. It is high whenever 
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data is being written from the processor, and is low 
whenever data is being read into the processor. Unlike 
the DEN signal, it may be directly connected to bus 
buffers, since this signal does not usually enable the 
output drivers of the buffer. An example data bus sub- 
system supporting both buffered and unbuffered devic- 
es is shown in Figure 10. Note that the A side of the 
buffer is connected to the 80186, the B side to the exter- 
nal device. The DT/R signal can directly drive the T 
(transmit) signal of a typical buffer since it has the cor- 
rect polarity . 


The 80186 directly provides the control signals RD, 
WR, LOCK and TEST. In addition, the 80186 pro- 
vides the status signals SO-S2 and S6 from which all 
other required bus control signals can be generated. 


The RD and WR signals strobe data to or from memo- 
ry or I/O space. The RD signal is driven low at the 
beginning of T2' and is driven high at the beginning of 
:!f-during all memory and I/O reads (see Figure 11). 
RD will not become active until the 80186 has ceased 
driving address information on the address/data 
bus. 


Data is sampled into the processor at the beginning of 
T4. RD will not go inactive until the processor's data 
hold time has been satisfied. 


BUFFERED 


DATA 
BUS 


UNBUFFERED 


} 
DATA 


BUS 
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Note that the 80186 does not provide separate I/O and 
memory RD signals. If separate I/O read and memory 
read signals are required, they can be synthesized using 
the S2 signal (which is low for all I/O ~ations 
and 


high for all memory operations) and the RD signal (see 
Figure 12). It should be noted that if this approach is 
used, the S2 signal will require latching, since the S2 
signal (like SO and SI) goes to an inactive state well 
before the beginning ofT4 (where RD goes inactive). If 
S2 was directly used for this purpose, the type of read 
command (I/O or memory) could change just before 
T4 as S2 goes to the inactive state (high). The status 
signals may be latched using ALE the same as the ad- 
dress signals (often using the spare bits in the address 
latches). 


Often the lack of a separate I/O and memory RD sig- 
nal is not important in an 80186 system. Each 80186 
chip select signal will respond to accesses exclusively in 
memory or I/O space. Thus, when a chip select is used, 
the external device is enabled only during accesses to 
the proper address in the proper space. 


The WR signal is also driven low at the beginning ofT2 
and driven high at the be~ing 
of T4 (see Figure 13). 


In similar fashion to the RD signal, the WR signal is 
active for all memory and I/O writes. Again, separate 
memory an<!..!/O control lines m~e 
generated using 


the latched S2 signal along with WR. More im~ant, 
however, is the role of the active-going edge of WR. At 
the time WR makes its high-to-Iow transition, 
valid 


write data is not present on the data bus. This has con- 
sequences when using WR to enable such devices as 
DRAMs since those devices require the data to be sta- 
ble on the falling edge. In DRAM applications, the 
problem is solved by the DRAM controller (an Intel 
8207, for example). For other applications which re- 
quire valid data before the WR transition, place cross- 
coupled NAND gates between the CPU and the device 
on the WR line (see Figure 14). The added gates delay 
the active-going edge of WR to the device by one clock 
phase, at which time valid data is driven on the bus by 
the 80186. 


NOTES: 
1. lcLAz:Clocklowuntiladdress float 
2. lcLRL:ClocklowuntilRDactive 
3. tAZRL:Address float untilRDactive 
4. tOVCL:Data validuntilclock low(data inputset-up time) 
5. tCLDX:Clocklowunitldata invalid(data inputhold time fromclock) 
6. lcLRH:ClocklowuntilRDhigh 
7. tRHAV:RD highuntiladdresses valid 
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3.1.6.2 Queue 
Status 
Signals 


If the RD line is externally grounded during reset and 
remains 
grounded 
during 
processor 
operation, 
the 


80186 will enter Queue Status Mode. When in this 
mode, the WR and ALE signals become queue status 
outputs, reflecting the status of the internal prefetch 
queue during each clock cycle. These signals are pro- 
vided to allow a processor extension (such as the Intel 
8087 floating point processor) to track execution of in- 
structions within the 80186. The interpretation of QSO 
(ALE) and QSI (WR) is given in Table 2. These signals 
change on the high-to-Iow clock transition, one clock 
phase earlier than on the 8086. Note that since execu- 
tion unit operation is independent of bus interface unit 
operation, queue status lines may change in any T state. 


QS1 
QSO 
Interpretation 


0 
0 
no operation 
0 
1 
first byte of instruction taken 
from queue 
1 
0 
queue was reinitialized 
1 
1 
subsequent 
byte of instruction 


taken from queue 


Since the ALE, RD, and WR signals are not directly 
available from the 80186 when it is configured in queue 
status mode, these signals must be derived from the 
status lines SO-S2 using an external 82C88 bus control- 
ler (see Figure 15). To prevent the 80186 from acciden- 
tally entering queue status mode during reset, the RD 
line is internally provided with a weak pullup device. 


NOTES: 
1. telDV: 
Clock 
low until data valid 


2. tevCTV: Clock 
low until WR active 


3. teVCTX: Clock 
low until WR inactive 


4. teLDOX: Clock 
high until data invalid 


5. tWHDX: WR inactive 
until data invalid 


DELAYED 


WRITE 


(DATAVALID 


ON LEADING 
EDGE) 


intJ 


The 80186 provides 3 status outputs which indicate the 
type of bus cycle currently being executed. These sig- 
nals go from an inactive state (all high) to one of seven 
possible active states during the T state immediately 
preceding T1of a bus cycle (see Figure 6). The possible 
status line encodings are given in Table 3. The status 
lines are driven to their inactive state in the T3 or TW 
state immediately preceding T4 of the current bus cy- 
cle. 
Table 3. 80186 Status Line Interpretation 


S2 
S1 
SO 
Operation 


0 
0 
0 
interrupt acknowledge 


0 
0 
1 
read I/O 


0 
1 
0 
write I/O 


0 
1 
1 
halt 


1 
0 
0 
instruction fetch 


1 
0 
1 
read memory 


1 
1 
0 
write memory 


1 
1 
1 
passive 


The status lines may be directly connected to an 82C88 
bus controller, which provides local bus control signals 
or multi-bus control signals (see Figure 15). Use of the 
82C88 bus controller does not preclude the use of the 
80186 generated RD, WR and ALE signals, however. 
The 80186 directly generated signals can provide local 
bus control signals, while an 82C88 can provide multi- 
bus control signals. 


Figure 15. 80186/82C88 
Bus 


Controller 
Interconnection 


Two additional status signals are provided by 80186 
family members. S6 provides information concerning 
the unit generating the bus cycle. It is time multiplexed 
with AI9, and is available during T2' T3' T4 and Tw. 
In the 8086 family, all central processors (e.g., the 8086 
and 8087) drive this line low, while all 110 processors 
(e.g., 8089) drive this line high during their respective 
bus cycles. Following this scheme, the 80186 drives this 
line low whenever the bus cycle is generated by the 
80186 CPU, but drives it high when the bus cycle is 
generated by the integrated 80186 DMA unit. This al- 
lows external devices to distinguish between bus cycles 
fetching data for the CPU from those transfering data 
for the DMA unit. 


S7 and BHE are logically equivalent signals provided 
by the 80186 and the 80CI86 (see Section 3.1.2). S7 is 
always high on the 80188 and 80CI88 (except during 
8OCl88 DRAM refresh cycles) which signifies the pres- 
ence of an 8-bit data bus. 


Three other status signals are available on the 8086 but 
not on the 80186. They are S3, S4, and S5. Taken to- 
gether, S3 and S4 indicate the segment register from 
which the current physical address has been derived. S5 
indicates the state of the interrupt 
flip-flop. On the 


80186, these signals will always be low. 


Finally, the 80186 provides a TEST input and a LOCK 
output. The TEST input is used in conjunction with the 
processor WAIT instruction. It is typically driven by a 
coprocessor to indicate whether it is busy. 


The LOCK output is driven low whenever the data 
cycles of a LOCKED 
instruction 
are executed. A 


LOCKED 
instruction 
is 
generated 
whenever 
the 


LOCK prefix occurs immediately before an instruction. 
The LOCK prefix is active for the single instruction 
immediately following the LOCK prefix. The LOCK 
signal indicates to a bus arbiter (e.g., the 8289) that a 
series of locked data transfers is occurring. The bus 
arbiter should under no circumstances release the bus 
while locked transfers are occurring. The 80186 will 
not recognize a bus HOLD, nor will it allow DMA 
cycles to be run by the integrated DMA controller dur- 
ing locked data transfers. LOCKED transfers are typi- 
cally used in multiprocessor systems to access memory 
based semaphore 
variables which control 
access to 


shared system resources. 


On the 80186, the LOCK signal will go active during 
T 1of the first DATA cycle of the locked transfer. It is 
driven inactive during T4 of the last DATA cycle of the 
locked transfers (assuming no wait states). On the 8086, 
the LOCK signal is activated immediately after the 
LOCK prefix is executed. The LOCK prefix may be 
executed well before the processor is prepared to per- 
form the locked data transfer. This has the unfortunate 
consequence of activating the LOCK signal before the 
first LOCKED data cycle is performed. Since LOCK is 
active before the 8086 requires the bus for the data 
transfer, 
opcode 
pre-fetching 
can 
be 
LOCKED. 


LOCKED prefetching will not occur with the 80186. 


The LOCK output is also driven low during interrupt 
acknowledge cycles when the integrated interrupt con- 
troller operates in Cascade or Slave Modes (see Sections 
6.5.2 and 6.5.3). In these modes, the operation of the 
LOCK pin may be altered when an interrupt occurs 


during execution of a software-LOCKED 
instruction. 
See Section 6.5.4 for a description of additional hard- 
ware necessary to block DMA and HOLD requests un- 
der such circumstances. 


A HALT bus cycle signifies that the 80186 CPU has 
executed a HLT instruction. It differs from a normal 
bus cycle in two ways. 


The first way a HALT bu~cle 
differs from a normal 


bus cycle is that neither RD nor WR will be driven 
active. Address and data information will not be driven 
by the processor, and no data will be returned. The 
second way a HALT bus cycle differs from a normal 
bus cycle is that the SO-S2 status lines go to their inac- 
tive state (all high) during T2 of the bus cycle, well 
before they go to their inactive state during a normal 
bus cycle. 


Like a normal bus cycle, however, ALE is driven ac- 
tive. Since no valid address information is present, the 
information strobed into the address latches should be 
ignored. This ALE pulse can be used, however, to latch 
the HALT status from the SO-S2 status lines. 


The processor being halted does not interfere with the 
operation of any of the 80186 integrated peripheral 
units. This means that if a DMA transfer is pending 
while the processor is halted, the bus cycles associated 
with the transfer will run. In fact, DMA latency time 
will improve while the processor is halted because the 
DMA unit will not be contending with the processor 
for access to the 80186 (see section 4.4.1). 


The 82C88 and 8289 are the bus controller and multi- 
master bus arbitration devices used with the 8086. Be- 
cause the 80186 bus is similar to the 8086 bus, they can 
be used with the 80186. Figure 16 shows an 80186 in- 
terconnection to these two devices. 


The 82C88 bus cont!£ll~nerates 
control signals 


(RD, WR, ALE, DT/R, DEN, etc.) for an 8086 maxi- 
mum mode system. It derives its information by decod- 
ing status lines SO-S2 of the processor. Because the 
80186 and the 8086 drive the same status information 
on these lines, the 80186 can be directly connected to 
the 82C88 just as in an 8086 system. Using the 82C88 
with the 80186 does not prevent using the 80186 con- 
trol signals. Many systems require both local bus con- 
trol signals and system bus control signals. In this type 
of system, the 80186 lines could be used as the local 
signals, with the 82C88 lines used as the system signals. 
Note that in an 80186 system, the 82C88 generated 
ALE pulse occurs later than that of the 80186 itself. In 
many multimaster bus systems, the 82C88 ALE pulse 


TO MULn·MASTER 
BUS 


ADORESS LATCHES. 


DATA BUFFERS 


IX" 


~ 
ALE 


S2 
DEN 


DT/A 


should be used to strobe the addresses into the system 
bus address latches to insure that the address hold 
times are met. 


The 8289 bus arbiter arbitrates the use of a multi-mas- 
ter system bus among various devices, each of which 
can become the bus master. This component also de- 
codes status lines SO-S2 directly to determine when the 
system bus is required. When the system bus is re- 
quired, the 8289 forces the processor to wait until it has 
acquired control of the bus, then it allows the processor 
to drive address, data and control information onto the 
system bus. The system determines when it requires 
system bus resources by an address decode. Whenever 
the address being driven coincides with the address of 
an on-board resource, the system bus is not required 
and thus will not be requested. The circuit shown in 
Figure 17 factors the 80186 chip select lines to deter- 
mine when the system bus should be requested, or 
when the 80186 request can be satisfied using a local 
resource. 


The 80186 provides two ready lines, a synchronous 
ready 
(SRDY) 
line 
and 
an 
asynchronous 
ready 


(ARDY) line. These lines signal the bus controller to 
insert wait states (Tw) into a CPU bus cycle, allowing 
slower devices to respond to bus activity. Wait states 
will only be inserted when both ARDY and SRDY are 
low, i.e., only one of the lines need be active to termi- 
nate a bus cycle. Figure 17 depicts the logical ORing of 
the ARDY and SRDY functions. Any number of wait 
states may be inserted into a bus cycle. The 80186 will 
ignore the RDY inputs during any accesses to the inte- 
grated peripheral registers and to any area where the 
chip select ready bits indicate that the external ready 
should be ignored. 


TO BUS 


INTERFACE 
UNIT 


NOTES: 
1. AsynchronousResolutionFlipFlop 
2. Ready Latch FlipFlop 
3. R2 Bitin ChipSelect Registers (Selects InternalOnly(1) or External(0» 
4. InternallyGenerated UnitStates Controlledby ROand R1 Bitsin ChipSelect Registers 


The timing required by the two RDY lines is different. 
Inputs to the ARDY pin will be internally synchroniz- 
ed to the CPU clock before being presented to the rest 
of the bus control logic as shown in Figure 17.The first 
flip-flop is used to "resolve" the asynchronous tran- 
sition of the ARDY line. It will achieve a definite high 
or low level before its output is latched into the second 
flip-flop. When latched high, it passes along the level 
present on the ARDY line; when latched low, it forces 
not ready to be passed along to the rest of the circuit. 
(See Appendix B for synchronizer information.) 


Figure 
18 depicts activity for Normally-Ready 
and 


Normally-Not-Ready 
configurations of external logic. 


Remember that for ARDY to force wait states, SRDY 
must be low as well. 


In a Normally-Not-Ready 
implementation 
the setup 


and hold times of both the resolution flip-flop and the 
ready latch must be satisfied. The ARDY pin must go 
active at least TARYHCH(also denoted TARYCH) be- 
fore the rising edge of T2' T3 or Tw, and stay active 
until TCLARXafter the falling edge of T3or Tw to stop 
generation of wait states and terminate the bus cycle. If 
ARDY goes active before the rising edge of T2 and 
stays active after the falling edge of T3 there will be no 
wait state inserted. 


In a Normally-Ready 
implementation 
the setup and 


hold times of either the resolution flip-flop or the ready 
latch must be met. Wait states will be generated if 
ARDY 
goes 
inactive 
TARYHCH 
(also 
denoted 


inter 


Twor 
I 
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I 
T2 
I 
T3 
I 
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In a Normally·Not·Ready 
system, 
wait 
states 
will be inserted 
unl ••• 
: 


1. tARYHCH (also 
denoted 
tARYCH): ARDY 
active 
to clock 
high (ARDY 
resolution 
setup 
time) 


2. lcLARX: 
Clock 
low to ARDY 
inactive 
(ARDY 
active 
hold time) 


Twor 
I 
T30r 
Twor 
I 
T2 
I 
T3 
I 
T, 
4= 


In a Normally-Ready 
system, 
wa~ states 
will be inserted 
If: 


1. tARYHCH (also 
denoted 
tARYCH): ARDY 
low to clock 
high (ARDY 
resolution 
setup 
time) 


2. tARYCHL: Clock 
high to ARDY 
high (ARDY 
inactive 
hold time) 


Twor 
I 
T30r 
Twor 
I 
T2 
I 
T3 
I 
T, 


~ 


Alternatively, 
in a Normally-Ready 
system, 
wait states 
will be inserted 
II: 


1. tARYLCL: ARDY 
low to clock 
low (ARDY 
setup 
time) 


2. ttCLARX: Clock 
low to ARDY 
high (ARDY 
active 
hold time) 


ARDY 
must 
meet 
TARYLCL and T CLARX or undesired 
CPU operation 
will result. 


inter 


TARYCW before the rising edge of T2 and stays inac- 
tive a minimum of TARYCHL after the edge, or if 
ARDY goes inactive at least TARYLCLbefore the faIl- 
ing edge of T3 and stays inactive a minimum 
of 


TCLARXafter the edge. The 80186 ready circuitry per- 
forms this way to allow a slow device the maximum 
amount of time to respond with a not ready after it has 
been selected. 


The synchronous ready (SRDY) line requires that all 
transitions on this line during T2' T3' or Tw satisfy 
setup and hold times (tSRYCLand tCLSRYrespective- 
ly). If these requirements are not met, the CPU will not 
function properly. Valid transitions on this line and 
subsequent wait state insertion is shown in Figure 19. 
The bus controller looks at SRDY at the beginning of 
each T3 and Tw. If the line is sampled active at the 
beginning of either of these two cycles, that cycle will 
be immediately followed by T4. If the line is sampled 
inactive at the beginning of either T state, that cycle 
will be followed by a Tw. Any asynchronous transition 
on the SRDY line not occurring at the beginning ofT3 
or Tw, i.e., when the processor is not sampling the 
input, will not cause CPU malfunction. 


Bus cycles occur sequentially, but do not necessarily 
come immediately one after another, that is the bus 
may remain idle for several T states (Tv between each 
bus access initiated by the 80186. The reader should 
recall that a separate unit, the bus interface unit, fetches 
opcodes from memory, while the execution unit actual- 
ly executes the pre-fetched instructions. The number of 
clock cycles required to execute an 80186 instruction 
vary from 2 clock cycles for a register to register move 
to 67 clock cycles for an integer divide. 


If a program contains many long instructions, program 
execution will be CPU limited, that is, the instruction 
queue will be constantly filled. Thus, the execution unit 
does not need to wait for an instruction to be fetched. If 
a program contains mainly short instructions (for ex- 
ample, data move instructions), the execution will be 
bus limited. Here, the execution unit will have to wait 
often for an instruction to be fetched before it contin- 
ues. Programs illustrating this effect and performance 
degradatir>n of each with the addition of wait states are 
given in appendix G. 


Although the amount of bus utilization will vary con· 
siderably from one program to another, a typical in- 
struction mix on the 80186 will require greater bus uti- 
lization than the 8086. The 80186 executes most in- 
structions in fewer clock cycles, thus requiring instruc- 
tions from the queue at a faster rate. This also means 
that the effect of wait states is more pronounced in an 
80186 system than in an 8086 system. In all but a few 
cases, however, the performance degradation incurred 
by adding a wait state is less than might be expected 
because instruction 
fetching and execution are per- 


formed by separate units. 


With the above knowledge of the 80186 bus, various 
memory interfaces may be generated. One of the sim- 
plest is the example EPROM interface shown in Figure 
20. 


~ 
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CLOCK~(!) 
~ 
OUT_ 
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SROY 
l 
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NOTES: 
1. Decision:Not Ready, T-State willbe followedby a waitstate 
2. Decision:Ready, T-State willnot be followedby a waitstate 
3. tSRYCL:Synchronous ready stable untilclock low(SRDYset-up time) 
4. teLSRY:Clocklowuntilsynchronous ready transition(SRDYhold time) 
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2764 
CE 
A12 


AO 
OE 
00-07 


The addresses are latched using the circuit shown earli- 
er. Note that the AOline of each EPROM is connected 
to the Al address line from the 80186, not the AOline. 
Remember, AOonly signals a data transfer on the lower 
8 bits of the 16-bit data bus. The EPROM outputs are 
connected directly to the address/data 
inputs of the 


80186, and the 80186 RD signal is used as the OE for 
the EPROMs. 


The chip enable of the EPROM is driven directly by 
the chip select output of the 80186 (see section 8). In 
this configuration, the access time calculation for the 
EPROMs are: 
time from address: (3 + N) • lcLcL - tCLAV- 


tpo (latch) - tOVCL 


time fromchip select: (3 + N) • tCLCL- tCLCSV- tOVCL 
time from RD (OE): (2 + N) lcLCL- tCLRL- tOVCL 


where: 


tCLAY = time from clock low in T) until addresses 


are valid 


tCLCL = clock period of processor 


tPD = time from input valid of latch until output 


valid of latch 


tDYCL = 186 data valid input setup time until clock 
low time in T4 
tCLCSY= time from clock low in T) until chip se- 
lects are valid 


tCLRL = time from clock low in T2 until RD goes 


low 
N = number of wait states inserted 


The only significant parameter not included above is 
tRHAY, the time from RD inactive (high) until the 
80186 begins driving address information. The output 
float time of the EPROM must be within this spec. If 
slower EPROMs are used, a discrete buffer must be 
inserted between the EPROM data lines and the ad- 
dress/data 
bus, since these devices may continue to 


drive data information on the multiplexed address/data 
bus when the 80186 begins to drive address information 
for the next bus cycle. 


An example 8203/DRAM 
interface is shown in Figure 


21. The 8203 provides all required DRAM control sig- 
nals, address multiplexing, and refresh generation. In 
this circuit, the 8203 is configured to interface to 64K 
DRAMs. 


All 8203 cycles are generated off control signals (RD 
and WR) provided by the 80186. These signals will not 
go active until T2 of the bus cycle. In addition, since the 
8203 clock (generated by the internal crystal oscillator 
of the 8203) is asynchronous to the 80186 clock, all 
memory requests by the 80186 must be synchronized to 
the 8203 before the cycle will be run. To minimize this 
synchronization time, the 8203 should be used with the 
highest speed crystal that will maintain DRAM com- 
patability. If a 25 MHz crystal is used (the maximum 
allowed by the 8203) two wait states will be required by 
the example circuit when using 150 ns DRAMs with an 
8 MHz 80186, and three wait states if 200 ns DRAMs 
are used (see Figure 22). 


The entire DRAM array controlled by the 8203 can be 
selected by one or a group of the 80186 provided chip 
selects. These chip selects can also insert the wait states 
required by the interface. 
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Since the 8203 is operating 
asynchronously 
to the 


80186, the RDY output of the 8203 must be synchro- 
nized to the 80186. The 80186 ARDY line provides the 
necessary ready synchronization. The 8203 ready out- 
puts operate in a normally not ready mode, that is, they 
are only driven active when an 8203 cycle is being exe- 
cuted, and a refresh cycle is not being run. The 8203 
SACK is presented to the 80186 only when the DRAM 
is being accessed. Notice that the SACK output of the 
8203 is used, rather than XACK. Since the 80186 will 
insert at least one full CPU clock cycle between the 
time RDY is sampled active and the time data must be 
present on the data bus, the XACK signal would insert 
unnecessary additional wait states, since it does not in- 
dicate ready until valid data is available from the mem- 
ory. 


The 8207 advanced dual-port DRAM controller pro- 
vides a high performance DRAM 
memory interface 


specifically for 80186 microcomputer 
systems. This 


controller 
provides 
all 
address 
multiplexing 
and 


DRAM refresh circuitry. In addition, it synchronizes 
and arbitrates 
memory requests from two different 


ports (e.g., an 80186 and a Multibus), allowing the two 
ports to share memory. Finally, the 8207 provides a 
simple interface to the 8206 error detection and correc- 
tion chip. 


The simplest 8207 (and also the highest performance) 
interface is shown in Figure 23. This shows the 80186 
connected to an 8207 using the 8207 slow cycle, syn- 
chronous status interface. In this mode, the 8207 de- 
codes the cycle to be run directly from the status lines 
of the 80186. In addition, since the 8207 CLOCKIN is 
driven by the CLKOUT of the 80186, any performance 
degradation caused by required memory request syn- 
chronization between the 80186 and the 8207 is not 
present. Finally, the entire memory array driven by the 
8207 may be selected using one or a group of the 80186 
memory chip selects, as in the 8203 interface above. 


The 8207 AACK signal generates a synchronous ready 
signal to the 80186 in the above interface. Since dynam- 
ic memory periodically requires refreshing, 80186 ac- 
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DATA 


LATCH 


DATA 


NOTES: 
1. teLEL:Clocklowuntilread lowmax 
2. teR: Command active untilRASmax 
3. teC: Command active untilCAS max 
4. teAC:Access time fromCAS max 
5. tISOU:Inputto output delay max 
6. tOVCL:Data validto clock low(data in set up) min 
Total Access Time = teLEL+ tec + teAC+ t,sou + tOVCL 


Figure 22. Example 8203 Access Time Calculation 
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cess cycles may occur simultaneously with an 8207 gen- 
erated refresh cycle. When this occurs, the 8207 will 
hold the AACK line high until the processor initiated 
access is run (note, the sense of this line is reversed with 
respect to the 80186 SRDY input). This signal should 
be factored with the DRAM (8207) select input and 
used to drive the SRDY line of the 80186. Remember 
that either SRDY and ARDY needs to be active for a 
bus cycle to be terminated. 
If asynchronous 
devices 


(e.g., a Multibus interface) are connected to the ARDY 
line with 
the 
8207 connected 
to the 
SRDY 
line, 


<D& ® are 80186 specs 
® & ® are 8203 specs 
@ is a DRAMspec 
@ is address latch spec 


care must be taken in design of the ready circuit such 
that only one of the RDY lines is driven active at a time 
to prevent premature termination of the bus cycle. 


The 80186 employs a HOLD/HLDA 
bus exchange 


protocol. This protocol allows other asynchronous bus 
masters (i.e., ones which drive address, data, and con- 
trol information on the bus) to gain control of the bus. 


In the HOLD/HLDA 
protocol, a device requiring bus 


control 
(e.g., an external 
DMA 
device) raises the 


HOLD line. In response to this HOLD request, the 
80186 will raise its HLDA line after it has finished its 
current bus activity. When the external device is fin- 
ished with the bus, it drops its bus HOLD request. The 
80186 responds by dropping its HLDA line and resum- 
ing bus operation. 


When the 80186 recognizes a bus hold by driving 
HLDA high, it will float many of its signals (see Figure 
24). 
ADO-ADIS 
and 
DEN 
are 
floated 
within 


tCLAZ after the same clock edge that Hg>A 
is driven 


active. AI6-AI9, 
RD, WR, BHE, DT/R, 
and SO-52 


are floated within tCHCZ after the clock edge immedi- 
ately before the clock edge on which HLDA comes 
active. 
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Figure 24. Signal Float/HLDA 
Timing of the 80186 


Only the above mentioned signals are floated during 
bus HOLD. Of the signals not floated by the 80186, 
some have to do with peripheral functionality (e.g., 
TMR OUT). Many others either directly or indirectly 
control bus devices. These signals are ALE and all the 
chip select lines (UCS, LCS, MCSO-3, and PCSO-6). 


The time required between HOLD going active and the 
80186 driving HLDA active is known as bus latency. 
Many factors affect bus latency, including synchroniza- 
tion delays, bus cycle times, locked transfer times and 
interrupt acknowledge cycles. 


The HOLD request line is internally synchronized by 
the 80186, and may therefore be an asynchronous in- 
put. To guarantee recognition on a particular 
clock 


edge, it must satisfy setup and hold times to the falling 
edge of the CPU clock. A full CPU clock cycle is re- 
quired for synchronization (see Appendix B). If the bus 
is idle, HLDA will follow HOLD by two CPU clock 
cycles plus a small amount of setup and propagation 
delay time. The first clock cycle synchronizes the input; 


NOTES: 
1. tHVCL:Holdvaliduntilclock low 
2. tCLHAV:ClocklowuntilHLDAactive 


the second signals the internal circuitry to initiate a bus 
hold (see Figure 25). 


Many factors influence the number of clock cycles be- 
tween a HOLD request and a HLDA. These make bus 
latency longer than the best case shown above. Perhaps 
the most important factor is that the 80186 will not 
relinquish the local bus until the bus is idle. The bus 
can become idle only at the end of a bus cycle. The 
80186 will normally insert no Tj states between T4 and 
T 1 of the next bus cycle if it requires any bus activity 
(e.g., instruction fetches or 110 reads). However, the 
80186 may not have an immediate need for the bus 
after a bus cycle, and will insert Tj states independent 
of the HOLD input (see Section 3.1.1). 


When the HOLD request is active, the 80186 will be 
forced to proceed from T4 to Tj in order that the bus 
may be relinquished. HOLD must go active 3 T-states 
before the end of a bus cycle to force the 80186 to insert 
idle T-states after T4 (one to synchronize the request, 
and one to signal the 80186 that T4 of the bus cycle will 
be followed by idle T-states, see section 3.1.1). After the 
bus cycle has ended, the bus hold will be immediately 
acknowledged. If, however, the 80186 has already de- 
termined that an idle T-state will follow T4 of the cur- 
rent bus cycle, HOLD need go active only 2 T-states 
before the- end of a bus cycle to force the 80186 to 
relinquish the bus. This is because the external HOLD 
request is not required to force the generation of idle 
T-states. Figure 26 graphically portrays the scenarios 
depicted above.. 
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NOTES: 
1. Decision: No additional internal bus cycles required, idle T-states 
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CLOCK 
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NOTES: 
1. Decision: Additional internal bus cycles required, no idle T-states 
will be inserted, 
HOLD not active soon enough to 
force idle T-states 
2. Greater than tHvCL:not required since it will not get recognized 
anyway 


3. HOLD request 
internally synchronized 


NOTES: 
1. HOLD request 
internally synchronized 


2. Decision: HOLD request active, idle t-states 
will be inserted at end of current bus cycle 


3. Greater than tHVCL 
4. Less than tCLHAV 


An external 
HOLD 
has higher 
priority 
than 
both 
the 


80186 CPU 
or integrated 
DMA 
unit. However, 
an ex- 


ternal 
HOLD 
will not separate 
the two cycles needed to 


perform 
a word access when the word accessed 
is locat- 


ed at an odd location 
(see Section 
3.1.3). In addition, 
an 


external 
HOLD 
will not separate 
the two-to-four 
bus 


cycles required 
for the integrated 
DMA 
unit to perform 


a transfer. 
Each 
of these 
factors 
will add 
to the bus 


latency 
of the 80186. 


Another 
factor 
influencing 
bus latency 
time 
is locked 


transfers. 
Whenever 
a locked 
transfer 
is occurring, 
the 


80186 will not recognize 
external 
HOLDs 
(nor 
will it 


recognize 
internal 
DMA 
bus requests). 
Locked 
trans- 


fers are programmed 
by preceding 
an instruction 
with 


the 
LOCK 
prefix. 
String 
instructions 
may 
be locked. 


Since string 
transfers 
may require 
thousands 
of bus cy- 


cles, bus latency 
time will suffer if they are locked. 


The final factor 
affecting 
bus latency 
time is interrupt 


acknowledge 
cycles. 
When 
an external 
interrupt 
con- 


troller 
is used, or if the integrated 
interrupt 
controller 
is 


used 
in Slave mode 
(see Section 
4.4.1) 
the 
80186 will 


run 
two 
interrupt 
acknowledge 
cycles 
back 
to back. 


inter 


These cycles are automatically "locked" and will never 
be separated by bus HOLD. See Section 6.5 on inter- 
rupt acknowledge timing for more information con- 
cerning interrupt acknowledge timing. 


When the HOLD input goes inactive, the processor 
lowers its HLDA line in a single clock as shown in 
Figure 27. If there is pending bus activity, only two Ti 
states will be inserted after HLDA goes inactive and 
status information will go active during the last idle 
state concerning the bus cycle about to be run (see Sec- 


AI1/53·AII/58 


RD,WR,8HE 


DT/ii,so·j2 


NOTES: 
1. HOLDinternallysynchronized 
2. Greater than THVCL 
3. Less than TCLHAV 
4. Linescome out of floatonlyifa bus cycle is pending 


tion 3.1.1). If there are no bus cycles to be run by the 
CPU, it will continue to float all lines until the last Tj 
before it begins its first bus cycle after the HOLD. 


A special mechanism exists on the 8OC186/8OC188 
to 


provide for DRAM 
refreshing while the bus is in 


HOLD. If the refresh control unit issues a request to 
the integrated bus controller while HOLD is in effect, 
the processor lowers HLDA. It is the responsibility of 
the external bus master to release the bus by deasserting 
HOLD so that the refresh cycle can take place (see 
Figure 28). The external master can then reassume con- 
trol of the bus subject to the usual requirements placed 
on the HOLD input. 
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NOTES: 
1. HLDAdeasserted. signalingneed to run DRAMrefresh cycle; less than lcLHAV. 
2. Externalbus master terminates use of the bus. 
3. HOLDdeasserted; greater than tHVCL. 
4. HOLDmay be reasserted after one clock. 
5. Linescome out of float in order to run DRAMrefresh cycle. 
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3.4 
Differences 
between 
the 8086 Bus 


and the 80186 Bus 


The 80186 bus was defined to be upward compatible 
with the 8086 bus. As a result, the 8086 bus interface 
components (the 82C88 bus controller and the 8289 bus 
arbiter) may be used with the 80186. There are a few 
significant 
differences 
between 
the 
two 
processors 


which should be considered. 


The 
80186 employs an integrated 
clock generator 


which provides a 50% duty cycle CPU clock. This is 
different from the 8086, which utilizes an external clock 
generator to provide 33% ('I. high, % low) CPU clock. 
The following points relate to 80186 clock generation: 
I) The 80186 uses a crystal or external frequency in- 


put twice the desired processor clock frequency. 
2) No oscillator output is available from the 80186 


internal oscillator. 


3) The 80186 does not provide a clock output at re- 


duced frequency from the 80186. However, a tim- 
er output may be easily programmed for this pur- 
pose. 
4) Interfacing the 80186 to devices needing a 33% 
duty cycle clock (for example, the 8087) is possi- 
ble, but requires careful timing analysis. 
5) Care should be exercised not to exceed the drive 


capability of the 80186 CLKOUT pin. 


The 80186 simultaneously provides both local bus con- 
troller outputs 
and status outputs for use with the 


82C88 bus controller. This is different from the 8086 
where the local bus controller outputs are sacrificed if 


CLOCK 


OUT 


118 
·05 


NOTES: 
1. 80186 changes queue status offfallingedge of ClK 
2. 8086 changes queue status off risingedge of ClK 


status outputs are desired. These differences will mani- 
fest themselves in 8086 systems and 80186 systems as 
follows: 


I) Because the 80186 can simultaneously provide lo- 


cal bus control signals and status outputs, many 
systems supporting 
bOth a system bus (e.g., a 


MULTIBUS~) 
and a local bus will not require 


two separate external bus controllers, that is, the 
80186 bus control signals may be used to control 
the local bus while the 80186 status signals are 
concurrently connected to the 82C88 bus control- 
ler to drive the control signals of the system bus. 


2) The ALE signal of the 80186 goes active a clock 


phase earlier on the 80186 then on the 8086 or 
82C88. This minimizes address propagation time 
through the address latches, since typically the de- 
lay time through these latches from inputs valid is 
less than the propagation delay from the strobe 
input active. 
3) The 80186 RD input must be tied low to provide 


queue status outputs from the 80186 (see Figure 
29). When so s~ped 
into "queue status mode," 


the ALE and WR outputs provide queue status 
information. Notice that queue status information 
is available one clock phase earlier from the 80186 
than from the 8086 (see Figure 30). 
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Figure 29. Generating Queue Status 


information 
from the 80186 


As discussed earlier, the 80186 uses a HOLD/HLDA 
protocol for exchanging bus mastership (like the 8086 
in min mode) rather than the RQ/GT protocol used by 
the 8086 in max mode. This allows compatibility with 
Intel's bus master peripheral devices (for example the 
82586 Ethernet controller or 82730 high performance 
CRT controller/text 
coprocessor). 


The 80186 does not provide S3-S5 status information. 
On the 8086, S3 and S4 provide information regarding 
the segment register generating the physical address of 
the current bus cycle. S5 provides information concern- 
ing the state of the interrupt 
enable flip-flop. These 


status lines are always low on the 80186. 


Status signal S6 indicates whether the current bus cycle 
is initiated by either the CPU or a DMA device. Subse- 
quently, it is always low on the 8086. On the 80186, it is 
low whenever the current bus cycle is initiated by the 
80186 CPU, and is high when the current bus cycle is 
initiated by the integrated DMA unit. 


The 80186 does not provide early and late write signals, 
as does the 82C88 bus controller. The WR signal gener- 
ated by the 80186 corresponds to the early write signal 
of the 82C88. This means that data is not stable on the 
address/data 
bus when this signal is driven active. 


The 80186 also does not provide both I/O and memory 
read and write command signals. If these signals are 
desired, an external 82C88 bus controller may be used, 
or the S2 signal may be used to synthesize both com- 
mands (see Section 3.1.6.1). 


The 80186 includes a DMA unit consisting of two inde- 
pendent DMA channels. These channels operate inde- 
pendently of the CPU, and drive all integrated bus in- 
terface components (bus controller, chip selects, etc.) 
exactly as the CPU (see Figure 31). This means that 
bus cycles initiated by the DMA unit are the same as 
bus cycles initiated by the CPU (except that 56 = 1 
during all DMA initiated cycles). Interfacing the DMA 
unit itself is very simple, since except for the addition of 
the DMA request connection, it is exactly the same as 
interfacing to the CPU. 
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Figure 31. 80186 CPU/DMA 
Channel Internal Model 


Each of the two DMA channels provides the following 
features: 
• Independent 20-bit source and destination pointers 


which access the I/O 
or memory location from 


which data will be fetched or to which data will be 
deposited 


• Programmable 
auto-increment, 
auto-decrement 
or 


neither of the source and destination pointers after 
each DMA transfer 


• Programmable termination of DMA activity after a 


certain number of DMA transfers 


• Programmable CPU interruption at DMA termina- 


tion 
• Byte or word DMA transfers to or from even or odd 


memory or I/O addresses 


• Programmable generation of DMA requests by: 
1) the source of the data 
2) the destination of the data 
3) timer 2 (see Section 5) 
4) the DMA unit itself (continuous DMA requests) 


Each of the two DMA channels contains a number of 
registers to control channel operation. These registers 
are included in the 80186 integrated peripheral control 
block (see Appendix A). These registers include the 
source and destination pointer registers, the transfer 
count register and the control register. The layout of 
the bits in these registers is given in Figures 32 and 33. 


The 20-bit source and destination pointers access the 
complete 1 Mbyte address space of the 80186 and all 20 


bits are affected by the auto-increment or auto-decre- 
ment unit of the DMA. The address space is seen as a 
flat, linear array without segments. Even though the 
usual I/O addressability of the 80186 is 64 Kbytes, it is 
possible to perform I/O accesses over a 1 Mbyte ad- 
dress range. Therefore, it is important to program the 
upper four bits of the pointer registers to 0 if routine 
I/O addresses are desired. 


After every DMA transfer the 16-bit DMA transfer 
count register it is decremented by I, whether a byte 
transfer or a word transfer has occurred. If the TC bit 
in the DMA control register is set, the DMA ST/STOP 
bit (see below) will be cleared when this register goes to 
0, causing all DMA activity to cease. A transfer count 
of zero allows 65536 (216) transfers. 


Upon reset, the contents of the DMA pointer registers 
and transfer count registers are indeterminate; initiali- 
zation of all the bits should be practiced. 


The DMA control register (see Figure 33) contains bits 
which control various channel characteristics, includ- 
ing for each of the data source and destination whether 
the pointer points to memory or I/O space, or whether 
the pointer will be incremented, decremented or left 
alone after each DMA transfer. It also contains a bit 
which selects byte or word transfers. Two synchroniza- 
tion bits determine the source of the DMA requests (see 
Section 4.7). The TC bit determines whether DMA ac- 
tivity will cease after a programmed number of DMA 
transfers, and the INT bit enables interrupts 
to the 


processor when this has occurred (note that an inter- 
rupt will not be generated to the CPU when the transfer 
count register reaches zero unless both the INT bit and 
the TC bit are set). 
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The control register also contains a start/stop 
(ST/ 


STOP) bit which enables DMA transfers. Whenever 
this bit is set, the channel is armed, that is, a DMA 
transfer will occur whenever a DMA request is made to 
the channel. A companion bit, the CHG/NOCHG bit, 
allows the DMA control register to be changed without 
modifying the state of the start/stop bit. The ST/STOP 
bit will only be modified if the CHG/NOCHG 
bit is 


also set during the write to the DMA control register. 
The CHG/NOCHG bit is write only. It will always be 
read back as a O. Because DMA transfers could occur 
immediately after the ST/STOP bit is set, it should 
only be set after all other DMA controller registers 
have been programmed. This bit is automatically 
cleared when the transfer count register reaches zero 
and the TC bit in the DMA control register is set, or 
when the transfer count register reaches zero and un- 
synchronized DMA transfers are programmed. 


All DMA unit programming registers are directly ac- 
cessible by the CPU. This means the CPU can, for ex- 
ample, modify the DMA source pointer register after 
137 DMA transfers have occurred, and have the new 
pointer value used for the B8th DMA transfer. If more 
than one register in the DMA channel is being modified 
at any time that a DMA request may be generated and 
the DMA channel is enabled (the ST/STOP bit in the 
control register is set), the register programming values 
should be placed in memory locations and moved into 
the DMA registers using a locked string move instruc- 
tion. This will prevent a DMA transfer from occurring 
after only some of the register values have changed. 
The above also holds true if a read/modify/write type 
of operation is being performed (e.g., ANDing off bits 
in a pointer register in a single AND instruction to a 
pointer register mapped into memory space). 


Every 80186 DMA transfer consists of two independent 
bus cycles, a fetch cycle and a deposit cycle (see Figure 
34). During the fetch cycle, the byte or word data is 
accessed according to the source pointer register. The 
data is read into an internal temporary register which is 
not accessible by the CPU. During the deposit cycle, 
the data is written to memory or I/O space at the ad- 
dress in the destination pointer register. These two bus 
cycles cannot be separated by a bus HOLD, a refresh 
cycle, or any other condition except RESET. DMA bus 
cycles are identical to bus cycles initiated by the CPU 
except that the S6 status line is driven to a logic one 
state. 


Each DMA channel has a single DMA request line by 
which an external device may request a DMA transfer. 
The synchronization bits in the DMA control register 
determine whether this line is interpreted to be connect- 
ed to the source or destination of the DMA data. All 
transfer requests on this line are synchronized internal- 
ly to the CPU clock before being presented to internal 
DMA logic. In addition to external requests, DMA re- 
quests may be generated whenever the internal Timer 2 
times out, or continuously by programming the syn- 
chronization bits in the DMA control register for un- 
synchronized DMA transfers. 


Before any DMA request can be generated, the 80186 
internal bus must be granted to the DMA unit. A cer- 
tain amount of time is required for the CPU to grant 
this internal bus to the DMA unit. The time between a 
DMA request being issued and the DMA transfer being 
run is known as DMA latency. Many of the issues con- 
cerning DMA latency are the same as those concerning 
bus latency (see Section 3.3.2). The only important dif- 
ference is that external HOLD and refresh always have 
bus priority over an internal DMA transfer. Thus, the 
latency time of an internal DMA cycle will suffer dur- 
ing an external bus HOLD. 


Each DMA channel has a programmed priority relative 
to the other DMA channel. Both channels may be pro- 
grammed to be the same priority, or one may be pro- 
grammed to be of higher priority than the other chan- 
nel. If both channels are active, DMA latency will suf- 
fer on the lower priority channel. If both channels are 
active and both channels are of the same programmed 
priority, DMA transfer cycles will alternate between 
the two channels (i.e., the first channel will perform a 
fetch and deposit, followed by a fetch and deposit by 
the second channel, etc.). 
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NOTES: 
1. Source 
address 
2. Source 
data 
3. Destination 
address 
4. Destination 
data 
5. If a source 
or destination 
address 
overlaps 
an active 
chip select 
region. 
the chip select 
will go active. 
6. Wait states 
are inserted 
by programming 
the chip select/ready 
logic for an active 
address 
region, 
or by the external 
ready 
pins. 
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The minimum timing required to generate a DMA cy- 
cle is shown in Figure 35. Note that the minimum time 
from DRQ becoming active until the beginning of the 
first DMA cycle is 4 CPU clock cycles. This time is 
independent of the number of wait states inserted in the 
bus cycle. The maximum DMA latency is a function of 
other processor activity. 


Also notice that if DRQ is sampled active at I in Figure 
35, the DMA cycle will be executed, even if the DMA 
request goes inactive before the beginning of the first 
DMA cycle. This does not mean that the DMA request 
is latched into the processor. Quite the contrary, DRQ 
must be active at a certain time before the end of a bus 


cycle for the request to be recognized by the processor. 
If DRQ goes inactive before that window, then no 
DMA cycles will be run 


The 80186 generates no explicit DMA acknowledge 
(DACK) signal. Instead, the 80186 performs a read or 
write directly to the DMA requesting device. If re- 
quired, a DMA acknowledge signal can be generated by 
a decode of an address, or by merely using one of the 
PCS lines (see Figure 36). Note ALE must be used to 
factor DACK because addresses are not guaranteed 
stable when chip selects go active. 
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NOTES: 
1. t,NVCL= DMArequest to clock low 
2. Synchronizerresolutiontime 
3. DMAunit priorityarbitration.etc. time 
4. Bus Interface Unitlatches DMArequest and decides to run DMAcycle 
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NOTE: 
1. A6 is arbitraryand is onlyused to differentiateDMAand non-DMAbus cycles 
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4.6 
Internally 
Generated 
DMA 


Requests 


DMA transfer requests may originate from two of the 
integrated peripherals in the 80186. The source may be 
either the DMA control unit or Timer 2. 


The DMA channel can be programmed so that when- 
ever Timer 2 reaches its maximum count, a DMA re- 
quest will be generated. This feature is selected by set- 
ting the TDRQ bit in the DMA channel control regis- 
ter. A DMA request generated in this manner will be 
latched in the DMA controller, so that once the timer 
request has been generated, it cannot be cleared except 
by running the DMA cycle or by clearing the TDRQ 
bits in both DMA control registers. Before any DMA 
requests are generated in this mode, Timer 2 must be 
initialized and enabled. 


A timer requested DMA cycle being run by either 
DMA channel will reset the timer request. Thus, if 
both channels are using it to request a DMA cycle, only 
one DMA channel will execute a transfer for every 
timeout of Timer 2. Another implication of having a 
single bit timer DMA request latch in the DMA con- 
troller is that if another Timer 2 timeout occurs before 
a DMA channel has a chance to run a DMA transfer, 
the first request will be lost. 


The DMA channel can also be programmed to provide 
its own DMA requests. In this mode, DMA transfer 
cycles will be run continuously at the maximum bus 
bandwidth until the preprogrammed number of DMA 
transfers have occurred. This mode is selected by pro- 
gramming the synchronization bits in the DMA control 
register for unsynchronized transfers. Note that in this 
mode, the DMA controller will monopolize the CPU 
bus, i.e., the CPU will not be able to perform opcode 
fetching, memory operations, 
etc., while the DMA 


transfers are occurring. Also notice that the DMA will 
only perform the number of transfers indicated in the 
maximum count register regardless of the state of the 
TC bit in the DMA control register. 


4.7 
Externally 
Synchronized 
DMA 


Transfers 


There are two types of externally synchronized DMA 
transfers. These are source and destination synchroniz- 
ed transfers. These modes are selected by programming 
the synchronization (SYN) bits in the DMA channel 
control register. The only difference between the two is 
the time at which the DMA request pin is sampled to 
determine if another DMA transfer is immediately re- 
quired after the currelltly executing DMA transfer. On 
source synchronized transfers, this is done such that 
two transfers may occur one immediately after the oth- 
er, 
while 
on 
destination 
synchronized 
transfers 
a 


certain amount of idle time is automatically inserted 
between two DMA transfers to allow time for the 
DMA requesting device to drive its DMA request inac- 
tive. 


4.7.1 SOURCE 
SYNCHRONIZED 


DMA TRANSFERS 


In a source synchronized 
DMA 
transfer, 
the data 


source requests the DMA cycle. An example is a floppy 
disk read from the disk to main memory. In this type of 
transfer, the device requesting the transfer is read dur- 
ing the fetch cycle of the DMA transfer. Since it takes 4 
CPU clock cycles from the time DMA request is sam- 
pled to the time the DMA transfer is actually begun, 
and. a bus cycle takes a minimum of 4 clock cycles, the 
earliest time the DMA request pin will be sampled for 
another DMA transfer will be at TI of the deposit cycle 
of the DMA transfer (assuming no wait states.) This 
allows 3 or more CPU clock cycles between the time 
the DMA requesting device receives an acknowledge to 
its DMA request (around the beginning of T2 of the 
DMA fetch cycle), and the time it must drive this re- 
quest inactive (assuming no wait states) to insure that 
another DMA transfer is not performed if it is not de- 
sired (see Figure 37). 


4.7.2 DESTINATION 
SYNCHRONIZED 


DMA TRANSFERS 


In destination synchronized DMA transfers, the data 
destination requests the DMA transfer. An example of 
this would be a floppy disk write from main memory to 
the disk. In this type of transfer, the device requesting 
the transfer is written during the deposit cycle of the 
DMA transfer. This causes a problem, since the DMA 
requesting device will not receive notification of the 
DMA cycle being run until 3 clock cycles before the 
end of the DMA transfer (if no wait states are being 
inserted into the deposit cycle of the DMA transfer) 
and it takes 4 clock cycles to determine if another 
DMA cycle should run immediately following the cur- 
rent transfer. To get around this problem, the DMA 
unit relinquishes the bus after each destination synchro- 
nized DMA transfer for at least 2 CPU clock cycles to 
allow the requesting device time to drop its DMA re- 
quest if it does not immediately desire another DMA 
transfer. When the bus is relinquished by the DMA 
unit, the CPU may resume bus operation. Typically, a 
CPU initiated bus cycle is inserted between each desti- 
nation synchronized DMA transfer. If no CPU bus ac- 
tivity is required, however, the DMA unit inserts only 2 
CPU clock cycles between the deposit cycle of one 
DMA transfer and the fetch cycle of the next DMA 
transfer. This means that the requesting device must 
drop its request line at least two clock cycles before the 
end of the deposit cycle regardless of the number of 
wait states inserted. Figure 37 shows the DMA request 
going away too late to prevent the immediate genera- 
tion of another DMA transfer. Any wait states inserted 
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by another 
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in the deposit cycle of the transfer lengthen the amount 
of time from the beginning of the deposit cycle to the 
time DRQ is sampled for another DMA transfer. Thus, 
if the amount of time a device requires to drop its re- 
quest after receiving an acknowledge from the 80186 is 
longer than the 0 wait state 80186 maximum (about I 
clock), wait states can be inserted into the DMA cycle 
to lengthen the amount of time the device has to drop 
its request after receiving the DMA acknowledge. 


Whenever a Non-Maskable Interrupt is received by the 
80186, all DMA activity will be suspended at the end of 
the current DMA transfer. This is performed by the 
NMI automatically setting the DMA Halt (DHLT) bit 
in the interrupt controller status register (see Section 
6.3.7). The timing of NMI required to prevent a DMA 
cycle from occurring is shown in Figure 38. After the 
NMI has been serviced, the DHLT bit can be cleared 
by the programmer to resume DMA activity (i.e., it is 
not automatically cleared when entering the NMI serv- 
ice routine). The DHLT bit is automatically cleared 
when the IRET instruction is executed. In either case, 
DMA activity resumes exactly as it left off, i.e., none of 
the DMA control registers are modified. This DHLT 
bit may also be set by the programmer 
to prevent 


DMA activity during critical sections of code. The 
DHLT bit does not function when the integrated inter- 
rupt controller is configured for Slave Mode. 


4.9 Example DMA Interfaces 


4.9.1 8272 FLOPPY 
DISK 
INTERFACE 


An example DMA interface to the 8272 Floppy Disk 
Controller is shown in Figure 39. This shows how a 
typical DMA device can be interfaced to the 80186. An 
example floppy disk software driver for this interface is 
given in Appendix C. 


The data lines of the 8272 are connected, through buff- 
ers, to the 80186 ADO-AD7 
lines. The buffers are re- 


quired because the 8272 will not float its output drivers 
quickly enough to prevent contention with the 80186 
upon the next bus cycle (see Section 3.1.5). 


DMA acknowledge for the 8272 is driven by an address 
decode within the region assigned to PCS2. If PCS2 is 
assigned to be active between I/O locations 0500H and 
057FH, then an access to I/O location 0500H will en- 
able only the chip select, while an access to I/O loca- 
tion 050lH 
will enable both the chip select and the 


DMA acknowledge. Remember, ALE must be factored 
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Figure 39. Example 8272/80186 
DMA Interface 
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into the DACK generation logic because addresses are 
not guaranteed stable when the chip selects become ac- 
tive. 


Notice that the TC line of the 8272 is driven by a very 
similar circuit as the one generating DACK (except for 
the reversed sense of the output!). This line is used to 
terminate an 8272 command before the command has 
completed execution. Thus, the TC input to the 8272 is 
software driven in this case. Another method of driving 
the TC input would be to connect the DACK signal to 
one of the 80186 timers, and program the timer to out- 
put a pulse to the 8272 after a certain number of DMA 
cycles have been run (see next section for 80186 timer 
information). 


The above discussion assumed that a single 80186 PCS 
line is free to generate all 8272 select signals. If more 
than one c~ 
select is free, however, different 80186 


generated PCS lines could be used for each function. 
For example, PCS2 could be used to select the 8272 and 
PCS3 could be used to drive the DACK line of the 
8272. 


DMA requests are delayed by two clock periods in go- 
ing from the 8272 to the 80186. This is required~ 
the 


8272 tRQR (time from DMA request to DMA RD go- 
ing active) spec. This requires many 80186 CPU clock 
cycles, well beyond the 5 minimum provided by the 
80186 (4 clock cycles to the beginning of the DMA bus 
cycle, 5 to the beginning of T2 of the DMA bus cycle 
where RD will go active). The two flip-flops add two 
complete CPU clock cycles to this response time. 


DMA request will go away after DACK is presented to 
the 8272. During a DMA write cycle (i.e., a destination 
synchronized 
transfer), 
this 
does 
not 
occur 
soon 


enough to prevent the immediate generation of another 
DMA transfer if no wait states are inserted in the de- 
posit cycle to the 8272. Therefore, at least I wait state is 
required by this interface, regardless of the data access 
parameters of the 8272. 


4.9.28274 
SERIAL 
COMMUNICATION 


INTERFACE 


An example 8274 synchronous/asynchronous 
serial 


chip/80186 DMA interface is shown in Figure 40. The 
8274 interface is simpler than the 8272 interface, since 
it does not require a DMA acknowledge signal, and the 
8274 does not require the length of time between a 
DMA request and the DMA read or write cycle that 
the 8272 does. An example serial driver using the 8274 
in DMA mode with the 80186 is given in Appendix C. 
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The data lines of the 8274 are connected through buff- 
ers to the 80186 ADO-AD7 lines. Again, these are re- 
quired not because of bus drive problems, but because 
the 8274 does not float its drivers before the 80186 be- 
gins driving address information on its address/data 
bus. If both the 8274 and the 8272 are included in the 
same 80186 system, they could share the same data bus 
buffer (as could any other peripheral devices in the sys- 
tem). 


The 8274 does not require a DMA acknowledge signal. 
The first read or write of the 8274 data register after the 
8274 generates the DMA 
request signal clears the 


DMA r~t. 
The time' between the control signal 


(RD or WR) going active and the 8274 dropping its 
DMA request during a DMA write requires at least one 
wait state be inserted into the DMA write cycle. 


The 80186 includes a timer unit which consists of three 
independent 16-bit timers. These timers operate inde- 
pendently of the CPU. Two have input and output pins 
allowing counting of external events and generation of 
arbitrary waveforms. The third can be used as a timer, 
as a prescaler for the other two timers, or as a DMA 
request source. 


The internal timer unit on the 80186 can be modeled by 
a single counter element, time multiplexed to three reg- 
ister banks, each of which contains different control 
and count values. These register banks are, in turn, 
dual ported between the counter element and the 80186 
CPU (see Figure 41). Figure 42 shows the timer ele- 
ment sequencing, and the subsequent constraints on in- 
put and output signals. There is no connection between 
the sequencing of the counter element through the tim- 
er register banks and the Bus Interface Unit's sequenc- 
ing through T-states. Timer operation and bus interface 
operation are completely asynchronous. 


Each timer is controlled by a block of registers (see 
Figure 43). Each of these registers can be read or writ- 
ten whether or not the timer is operating. All processor 
accesses to these registers are synchronized to all coun- 
ter element accesses to these registers, meaning that one 
will never read a count register in which only half of 
the bits have been modified. Because of this synchroni- 
zation, one wait state is automatically inserted into any 
access to the timer registers. Unlike the DMA unit, 
locking accesses to timer registers will not prevent the 
timer's counter elements from accessing the timer regis- 
ters. 


Each timer has a 16-bit count register which is incre- 
mented for each timer event. A timer event can be 


a low-to-high transition on a TIMERIN 
pin (for Tim- 


ers 0 and I), a pulse generated every fourth CPU clock, 
or a time out of Timer 2 (for Timers 0 and I). Because 
the count register is 16 bits wide, up to 65536 (216) 
timer events can be counted. Upon RESET, the con- 
tents of the count registers are indeterminate and they 
should be initialized to zero before any timer operation. 


Each timer includes a maximum count register. When- 
ever the timer count register is equal to the maximum 
count register, the count register resets to zero, so the 
maximum count value can never be stored in the count 
register. This maximum count value may be written 
while the timer is operating. A maximum count value 
of 0 implies a maximum count of 65536, a maximum 
count value of I implies a maximum count of I, etc. 
Only equivalence between the count value and the max- 
imum count register value is checked. This means that 
the count value will not be cleared if the value in the 
count register is greater than the value in the maximum 
count register. This situation only occurs by program- 
mer intervention, either by setting the value in the 
count register greater than the value in the maximum 
count register, or by setting the value in the maximum 
count register to be less than the value in the count 
register. If the timer is programmed in this way, it will 
count to the maximum possible count (FFFFH), incre- 
ment to 0, then count up to the value in the maximum 
count register. The TC bit in the timer control register 
will not be set when the counter overflows to 0, nor will 
an interrupt be generated from the timer unit. 
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Timers 0 and I each contain an additional maximum 
count register. When both maximum count registers 
are used, the timer will first count up to the value in 
maximum count register A, reset to zero, count up to 
the value in maximum count register B, and reset to 
zero again. The ALTernate bit in the timer control reg- 
ister determines whether one or both maximum count 
registers are used. If this bit is low, only maximum 
count register A is used; maximum count register B is 
ignored. If it is high, both registers are used. The RIU 
(register in use) bit in the timer control register indi- 
cates which maximum count register is currently being 
used. This bit is 0 when maximum count register A is 
being used, I when maximum count register B is being 
used. The RIU bit is read only. It will always be read 0 
in single maximum count register mode (since only 
maximum count register A will be used). 


Each timer can generate an interrupt whenever the tim- 
er count value reaches a maximum count value. Inter- 
rupts result whenever the timer count matches maxi- 
mum count A (for Timer 2 or Timers 0 and I in single 
max count 
mode) 
and 
whenever the 
timer 
count 


matches maximum count B (for Timers 0 and I in dual 
max count mode). In addition, the MC (maximum 
count) bit in the timer control register is set whenever 
the timer count reaches a maximum count value. This 
bit is never automatically cleared, i.e., programmer in- 
tervention is required. If a timer generates a second 
interrupt request before the first interrupt request has 
been serviced, the first interrupt request to the CPU 
will be lost. 


Each timer has an ENable bit in the timer control regis- 
ter. The timer will count timer events only when this 
bit is set. Any write to the timer control register will 
modify the ENable bit only if the INHibit bit is also set. 
The INHibit bit in the timer control register allows 
selective updating of the timer ENable bit. The value of 
the INHibit bit is not stored in a write to the timer 
control register; it will always be read as a logic zero. 


Each timer has a CONTinuous bit in the timer control 
register. If this bit is cleared, the timer ENable bit will 
be automatically cleared at the end of each timing cy- 
cle. If a single maximum count register is used, the end 
of a timing cycle occurs when the count value resets to 
zero after reaching the value in maximum count regis- 
ter A. If dual maximum count registers are used, the 
end of a timing cycle occurs when the count value re- 
sets to zero after reaching the value in maximum count 
register B. If the CONTinuous bit is set, the ENable bit 
will never be automatically reset. Thus, after each tim- 
ing cycle, another timing cycle will automatically begin. 
For example, in single maximum count register mode, 
the timer will count up to the value in maximum count 
register A, reset to zero, ad infinitum. In dual maxi- 
mum count register mode, the timer will count up the 
value in maximum count register A, reset to zero, 


count up the value in maximum count register B, reset 
to zero, count up to the value in maximum count regis- 
ter A, reset to zero, et cetera. 


Each timer counts events. All timers can use a tran- 
sition of the CPU clock as an event. Because of the 
counter element multiplexing, the timer count value 
will be incremented every fourth CPU clock. For Timer 
2, this is the only timer event which can be used. For 
Timers 0 and I, this event is selected by clearing the 
EXTernal and Prescaler bits in the timer control regis- 
ter. 


Timers 0 and I can use Timer 2 reaching its maximum 
count as a timer event. This is selected by clearing the 
EXTernal bit and setting the Prescaler bit in the timer 
control register. When this is done, the timer will incre- 
ment whenever Timer 2 resets to zero having reached 
its own maximum count. Note that Timer 2 must be 
initialized and running in order to increment the value 
in the other timerIcounter. 


Timers 0 and I can also be programmed to count low- 
to-high transitions on the external input pin. Each tran- 
sition on the external pin is synchronized to the 80186 
clock before it is presented to the timer circuitry, (see 
Appendix B for information on 80186 synchronizers). 
The timer counts transitions on the input pin: the input 
value must go low, then go high to cause the timer 
increment. Transitions on this line are latched. Because 
of the counter element multiplexing, the maximum rate 
at which the timer can count is 114 of the CPU clock 
rate. 


Timers 0 and I each have individual timer input pins. 
All low-to-high transitions on these input pins are syn- 
chronized, latched, and presented to the counter ele- 
ment when the particular timer is being serviced by the 
counter element. 


Signals on this input can affect timer operation in three 
different ways. The manner in which the pin signals are 
used is determined by the EXTernal and RTG (retrig- 
ger) bits in the timer control register. If the EXTernal 
bit is set, transitions on the input pin will cause the 
timer count value to increment if the timer is enabled 
(the ENable bit in the timer control register is set). 
Thus, the timer counts external events. If the EXTernal 
bit is cleared, all timer increments are caused by either 
the CPU clock or by Timer 2 timing out. In this mode, 
the RTG bit determines whether the input pin will en- 
able timer operation, or whether it will retrigger timer 
operation. 


Tow,- me-timer 
Will count Internal timer events only 


when the timer input pin is high and the ENable bit in 
the timer control register is set. Note that in this mode, 
the pin is level sensitive, not edge sensitive. A low-to- 
high transition on the timer input pin is not required to 
enable timer operation. If the input is tied high, the 
timer will be continually enabled. The timer enable in- 
put signal is completely independent of the ENable bit 
in the timer control register: both must be high for the 
timer to count. Example uses for the timer in this mode 
would be a real time clock or a baud rate generator. 


When the EXTernal bit is low and the RTG bit is high, 
every low-to-high transition 
on the timer input pin 


causes the timer count register to reset to zero. This 
mode of operation can be used to generate a retriggera- 
ble digital one-shot. After the timer is enabled (i.e., the 
ENable bit in the timer control register is set), timer 
operation (counting) will begin only after the first low- 
to-high transition of the timer input pin has been de- 
tected. If another low-to-high transition occurs on the 
input pin before the end of the timer cycle, the timer 
will reset to zero and begin the timer cycle again. A 
timer cycle is defined as the time the timer is counting 
from 0 to the maximum count (either max count A or 
max count B). This means that in the dual max count 
mode, the RIU bit is not set if the timer is reset by the 
low-to-high transition on the input pin. Should a timer 
reset occur when RIU is set (indicating max count B), 
the timer will again begin to count up to max count B 
before resetting the RIU bit. Thus, when the ALTer- 
nate bit is set, a timer reset will retrigger (or extend) the 
duration of the current max count in use (which means 
that either the low or high level of the timer output will 
be extended). If the CONTinuous bit in the timer con- 
trol register is cleared, the timer ENable bit will auto- 
matically be cleared whenever a timer cycle has been 
completed (max count is reached). If the CONTinuous 


reset to zero and begm another timer cycle whenever 
the current cycle has completed. 


Timers 0 and I each have a timer output pin which can 
perform two functions at programmer option. The first 
is a single pulse indicating the end of a timing cycle. 
The second is a level indicating the maximum count 
register currently being used. The timer outputs operate 
as outlined below whether internal or external clocking 
of the timer is used. If external clocking is used, howev- 
er, the user should remember that the time between an 
external transition on the timer input pin and the time 
this transition is reflected in the timer out pin will vary 
depending on when the input transition occurs relative 
to the timer being serviced by the counter element. 


When the timer is in single maximum count register 
mode, the timer output pin will go low for a single CPU 
clock one clock after the timer is serviced by the coun- 
ter element where maximum count is reached (see Fig- 
ure 44). This mode is useful when using the timer as a 
baud rate generator. 


When the timer is programmed 
in dual maximum 


count register mode, the timer output pin indicates 
which maximum count register is being used. It is low 
if maximum count register B is being used and high if 
maximum count register A is being used. If the timer is 
programmed in continuous mode (the CONTinuous bit 
in the timer control register is set), this pin could gener- 
ate a waveform of almost any duty cycle. For example, 
if maximum count register A contained 10 and maxi- 
mum count register B contained 20, a 33% duty cycle 
waveform would be generated. 
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The 80186 timers can be substituted in almost any ap- 
plication for a discrete timer circuit. Such applications 
include baud rate generation, digital one-shots, pulse 
width modulation, event counters and pulse width mea- 
surement. 


The sample program in appendix D shows the 80186 
timer being used with the 80186 CPU to form a real 
time clock. In this implementation, 
Timer 2 is pro- 


grammed to provide an interrupt to the CPU every mil- 
lisecond. The CPU then increments 
memory based 


clock variables. 


The 80186 timers can also be used as baud rate genera- 
tors for serial communication 
controllers 
(e.g., the 


8274). Figure 46 shows this simple connection, and the 
code to program the timer as a baud rate generator is 
included in Appendix D. 


The 80186 timer can be used to count events. Figure 47 
shows a hypothetical set up in which the 80186 timer 
will count the interruptions in a light source. The num- 
ber of interruptions can be read directly from the count 
register of the timer, since the timer counts up, Le., 
each interruption in the light source will cause the tim- 
er count value to increase. The code to set up the 80186 
timer in this mode is included in Appendix D. 
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6.0 80186 
INTERRUPT 
CONTROLLER 


INTERFACING 


The tasks performed by the 80186 integrated interrupt 
controller 
include 
synchronization 
of interrupt 
re- 


quests, prioritization of interrupt requests, and request 
type vectoring in response to a CPU interrupt acknowl- 
edge. It can be a master to two external 8259A inter- 
rupt controllers or can be a slave to an external master 
interrupt controller. 


The integrated interrupt 
controller block diagram is 


shown in Figure 48. It contains registers and a control 
element. Four inputs are provided for external interfac- 
ing to the interrupt controller. Their functions change 
according to the mode of the interrupt controller. Like 
the other 80186 integrated peripheral registers, the in- 
terrupt controller registers are available for CPU read- 
ing or writing at any time. 


The interrupt controller operates in two major modes, 
Master Mode and Slave Mode. In Master Mode the 
integrated controller acts as the master interrupt con- 
troller for the system, while in Slave Mode the control- 
ler operates as a slave to an external master inter- 


rupt controller. Some of the interrupt controller regis- 
ters and interrupt controller pins change definition be- 
tween these two modes. The difference is when in Mas- . 
ter Mode, the interrupt controller presents its interrupt 
input directly to the 80186 CPU, while in Slave Mode 
the interrupt controller presents an interrupt output to 
an external controller (which then presents its interrupt 
input to the 80186 CPU). Placing the interrupt control- 
ler in Slave Mode is done by setting the SLAVEl 
MASTER bit in the peripheral control block pointer 
(see Appendix A). 


6.3 Interrupt 
Controller 
Unit 
Programming 


The interrupt 
controller 
has a number 
of registers 


which control its operation (see Figure 49). Some of 
these change their function between the two major 
modes of the interrupt controller. The differences are 
indicated in the following section. If not indicated, the 
function and implementation 
of the registers is the 


same in the two modes of operation. The interaction 
among the various 
interrupt 
controller 
registers is 


shown in the flowcharts in Figures 57 and 58. 


Each source of interrupt to the 80186 has a control 
register 
in the 
internal 
controller. 
These 
registers 
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1 CONTROL 
REGISTER 
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DMA1 
CONTROL 
REGISTER 
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REGISTER 
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REGISTER 
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INTERRUPT 
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STATUS 
REGISTER 
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INTERRUPT 
REQUEST 
REGISTER 
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IN SERVICE 
REGISTER 
----------------------- 
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MASK 
REGISTER 
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NOTE: 
1. Unsupportedin this mode: values writtenmayor may not be stored 


contain three bits which select one of eight interrupt 
priority levels for the device (0 is highest priority, 7 is 
lowest priority), and a mask bit to enable the interrupt 
(see Figure 50). When the mask bit is zero, the inter- 
rupt is enabled, when it is one, the interrupt is masked. 


There are seven control registers in the 80186 integrat- 
ed interrupt controller. In Master Mode, four of these 
serve the external interrupt inputs, one each for the two 
DMA channels, and one for the collective timer inter- 
rupts. In Slave Mode, the external interrupt inputs are 
not used, so each timer has its own individual control 
register. 


The interrupt controller includes an interrupt request 
register (see Figure 51). This register contains seven 
active bits, one for every interrupt source with an inter- 
rupt control register. Whenever an interrupt request is 
made, the bit in the interrupt request register is set re- 
gardless of whether the interrupt is enabled: These in- 
terrupt request bits are automatically cleared when the 


interrupt is acknowledged. The D I and DO bits of the 
request register can also be set (requesting a DMA in- 
terrupt), or cleared (removing a DMA interrupt 
re- 


quest) by programming. 


6.3.3 MASK 
REGISTER 
AND 
PRIORITY 


MASK 
REGISTER 


The interrupt controller mask register (see Figure 51) 
contains a mask bit for each interrupt source associated 
with an interrupt control register. The bit for an inter- 
rupt source in the mask register is the same bit as pro- 
vided in the interrupt 
control register; modifying a 


mask bit in the control register will also modify it in the 
mask register, and vice versa. 


The interrupt 
priority mask register (see Figure 52) 


contains three bits which indicate the lowest priority an 
interrupt may have that will cause an interrupt request 
to actually be serviced. Interrupts received which have 
a lower priority will be masked. Upon reset this register 
is set to the lowest priority of 7 to enable interrupts of 
any priority. This register may be read or written. 
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NOTE: 
1. This bit present onlyin INTO-INT3controlregisters 
2. These bits present onlyin INTO-INT1controlregister 
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Figure 52. 80186 Interrupt Controller 
Priority Mask Register Format 


The interrupt controller contains an in-service register 
(see Figure 51). A bit in the in-service register is associ- 
ated with each interrupt control register so that when 
an interrupt request by the device associated with the 
control register is acknowledged by the processor (ei- 
ther by the processor running the interrupt acknowl- 
edge or by the processor reading the interrupt poll reg- 
ister) the bit is set. The bit is reset when the CPU issues 
an End Of Interrupt to the interrupt controller. This 
register may be both read and written, i.e., the CPU 
may set in-service bits without an interrupt ever occur- 
ring, or may reset them without using the EOI function 
of the interrupt controller. 


The interrupt controller contains both a poll register 
and a poll status register (see Figure 53). These re- 


gisters contain the same information. They have a sin- 
gle bit to indicate an interrupt is pending. This bit is set 
if an interrupt of sufficient priority has been received. It 
is automatically cleared when the interrupt is acknowl- 
edged. If an interrupt is pending, the remaining bits 
contain information about the highest priority pending 
interrupt. These registers are read-only. 
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Figure 53. 80186 Poll & 
Poll Status Register Format 


Reading the poll register will acknowledge the pending 
interrupt to the interrupt controller just as if the proc- 
essor had acknowledged the interrupt through interrupt 
acknowledge cycles. The processor will not actually run 
any interrupt acknowledge cycles, and will not vector 
through a location in the interrupt vector table. The 
contents of the interrupt request, in-service, poll, and 
poll status registers will change appropriately. Reading 
the poll status register will merely transmit the status of 
the polling bits without modifying any of the other in- 
terrupt controller registers. 


inter 


The poll and poll status registers are not supported in 
Slave Mode. The state of the bits in these registers in 
Slave Mode is not defined. 


The interrupt controller contains an End Of Interrupt 
register (see Figure 54). The programmer issues an End 
Of Interrupt (EOI) to the controller by writing to this 
register. After receiving the EOI, the interrupt control- 
ler automatically resets the in-service bit for the inter- 
rupt. The value of the word written to this register de- 
termines whether the EOI is specific or non-specific. A 
non-specific EOI is specified by setting the non-specific 
bit in the word written to the EOI register. In a non- 
specific EOI, the in-service bit of the highest priority 
interrupt set is automatically cleared, while a specific 
EOI allows the in-service bit cleared to be explicitly 
specified. If the highest priority interrupt is reset, the 
poll and poll status registers change to reflect the next 
lowest priority interrupt to be serviced. If a less than 
highest priority interrupt in-service bit is reset, the pri- 
ority poll and poll status registers will not be modified 
(because the highest priority interrupt to be serviced 
has not changed). Only the specific EOI is supported in 
Slave Mode. This register is write only. 


The interrupt 
controller 
also contains 
an interrupt 


status register (see Figure 55). This register contains 
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four programmable bits. Three bits show which timer is 
causing an interrupt. This is required because in master 
mode, the timers share a single interrupt control regis- 
ter. A bit in this register is set to indicate which timer 
has generated an interrupt. The bit associated with a 
timer is automatically cleared after the interrupt 
re- 


quest for the timer is acknowledged. More than one of 
these bits may be set at a time. The fourth bit is the 
DMA halt bit (not implemented in Slave Mode). When 
set, this bit prevents any DMA activity. It is automati- 
cally set whenever a NMI is received by the interrupt 
controller. It can also be set by the programmer. This 
bit is automatically cleared whenever the IRET instruc- 
tion is executed. All implemented bits in the interrupt 
status register are read/write. Do not perform the write 
operation when interrupts from the timer/counters 
are 


possible; a conflict with internal use of the register may 
lead to incorrect timer interrupt processing. 


In Slave Mode only, the interrupt controller contains 
an interrupt vector register (see Figure 56). This regis- 
ter specifies the 5 most significant bits of the interrupt 
type vector placed on the CPU bus in response to an 
interrupt acknowledgement (the lower 3 significant bits 
of the interrupt type are determined by the priority lev- 
el of the device causing the interrupt in Slave Mode). 
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The 80186 interrupt controller receives and arbitrates 
among many different interrupt request sources, both 
internal and external. Internal interrupts are processed 
by the interrupt controller in either Master Mode or 
Slave Mode. External interrupts are processed by the 
integrated interrupt controller only in Master Mode. 
Each interrupt source may be programmed to be a dif- 
ferent priority level. An interrupt 
request generation 


flow chart is shown in Figure 57. This flowchart is fol- 
lowed independently by each interrupt source. 


The internal interrupt sources are the three timers and 
the two DMA channels. An interrupt 
from each of 


these interrupt sources is latched in the interrupt con- 
troller. The state of the pending interrupt can be ob- 
tained by reading the interrupt request register. Also, 


latched DMA interrupts can be reset by the processor 
by writing to the interrupt request register. Note that 
all timers share a common bit in the interrupt request 
register in master mode. The interrupt controller status 
register may be read to determine which timer is actual- 
ly causing the interrupt 
request. Each timer has a 


unique interrupt vector (see Section 6.5.1). Thus polling 
is not required to determine which timer has caused the 
interrupt in the interrupt service routine. Also, because 
the timers share a common interrupt control register, 
they are placed at a common priority level relative to 
other interrupt sources. Among themselves they have a 
fixed priority, with timer 0 as the highest priority timer 
and timer 2 as the lower priority timer. 


The 80186 interrupt controller will accept external in- 
terrupt requests only when it is programmed in Master 
Mode. 
In 
this mode, the external 
pins associated 
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Figure 57. 80186 Interrupt 
Request 
Sequencing 
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NOTES: 
1. Before actual interrupt acknowledge is run by CPU 
2. Two interrupt acknowledge cycles will be run, the interrupt type is read by the CPU on the second cycle 
3. Interrupt acknowledge cycles will not be run, the interrupt vector address is placed on an internal bus and is not 
available outside the processor 
4. Interrupt type is not driven on external bus in Slave Mode 


with the interrupt controller may serve either as direct 
interrupt inputs, or as cascaded interrupt inputs from 
other interrupt 
controllers as a programmed option. 


These options are selected by programming the C and 
SFNM bits in the INTO and INTI control registers (see 
Figure 50). 


When programmed as direct interrupt inputs, the four 
interrupt inputs are each controlled by an individual 
interrupt control register. As stated earlier, these regis- 
ters contain 3 bits which select the priority level for the 
interrupt and a single bit which enables the interrupt 
source to the processor. In addition, each of these con- 
trol registers contains a bit which selects edge or level 
triggered mode for the interrupt input. When edge trig- 
gered mode is selected, a low-to-high transition must 
occur on the interrupt input before an interrupt is gen- 
erated, while in level triggered mode, only a high level 
needs to be maintained to generate an interrupt. In edge 
triggered mode, the input must remain low at least I 


clock cycle before the input is rearmed. In both modes, 
the interrupt level must remain high until the interrupt 
is acknowledged, 
i.e., the interrupt 
request 
is not 


latched in the interrupt controller. The status of the 
interrupt input can be shown by reading the interrupt 
request register. Each of the external pins has a bit in 
this register which indicates an interrupt request on the 
particular 
pin. Note that since interrupt 
requests on 


these inputs are not latched by the interrupt controller, 
if the external input goes inactive, the interrupt requests 
(and also the bit in the interrupt request register) will 
also go inactive (low). 


If the C (Cascade) bit of the INTO or INTI 
control 


registers is set, the interrupt input is cascaded to an 
external interrupt controller. In this mode, whenever 
the interrupt presented to the INTO or INTI 
line is 


acknowledged, the integrated interrupt controller will 
not provide the interrupt 
type for the interrupt. 
In- 


stead, two INT A bus cycles will be run, with the INT2 


and 
INT3 
lines 
providing 
the 
interrupt 
acknowledge 


pulses 
for the 
INTO and 
the INTI 
interrupt 
requests 


respectively. 
INTO/INT2 
and INTI/INT3 
may be in- 


dividually 
programmed 
into 
Cascade 
Mode. 
This 
al- 


lows 128 individually 
vectored 
interrupt 
sources 
if two 


banks 
of 8 external 
interrupt 
controllers 
each are used. 


When 
the 
interrupt 
controller 
is configured 
in Siave 


Mode, 
it accepts 
interrupt 
requests 
only from the inte- 


grated 
peripherals. 
Any 
external 
interrupt 
requests 
go 


through 
an external 
interrupt 
controller. 
This external 


interrupt 
controller 
requests 
interrupt 
service 
directly 


from 
the 
80186 
CPU 
through 
the 
INTO 
line. 
In this 


mode, 
the function 
of this 
line is not 
affected 
by the 


integrated 
interrupt 
controller. 
In 
addition, 
in Slave 


Mode 
the integrated 
interrupt 
controller 
must 
request 


interrupt 
service 
through 
this 
external 
interrupt 
con- 


troller. 
This interrupt 
request 
is made on the INT3 
line 


(see Section 
6.6.4 on external 
interrupt 
connections). 


The 80186 can respond 
to an interrupt 
in two different 


ways. 
The 
first 
will occur 
if the internal 
controller 
is 


providing 
the 
interrupt 
vector 
information 
with 
the 


controller 
in Master 
Mode. The second will occur if the 


CPU reads interrupt 
type information 
from an external 


interrupt 
controller 
or if the interrupt 
controller 
is in 


Slave 
Mode. 
In both 
of these 
instances 
the 
interrupt 


vector 
information 
driven 
by the 80186 integrated 
in- 


terrupt 
controller 
is not available 
outside 
the 80186 mi- 


croprocessor. 


In each interrupt 
mode, 
when 
the integrated 
interrupt 


controller 
receives 
an interrupt 
response, 
the interrupt 


controller 
will automatically 
set the in-service 
bit and 


reset 
the interrupt 
request 
bit. In addition, 
unless 
the 


interrupt 
control 
register 
for the interrupt 
is set in Spe- 


cial Fully 
Nested 
Mode, 
the 
interrupt 
controller 
will 


prevent 
any interrupts 
from 
occurring 
from 
the same 


interrupt 
line until 
the in-service 
bit for that 
line has 


been cleared. 


In Master 
Mode, 
the interrupt 
types associated 
with all 


the interrupt 
sources 
are fixed and unalterable. 
These 


interrupt 
types 
are given in Table 
5. In response 
to an 


internal 
CPU 
interrupt 
acknowledge·the 
interrupt 
con- 


troller 
will generate 
the vector 
address 
rather 
than 
the 


interrupt 
type. 
On the 80186 (like the 8086) the inter- 


rupt 
vector 
address 
is the interrupt 
type multiplied 
by 


4. 


In Master 
Mode, 
no external 
interrupt 
controller 
need 


know 
when 
the 
integrated 
controller 
is providing 
an 


interrupt 
vector, 
nor when the interrupt 
acknowledge 
is 


taking 
place. As a result, 
no interrupt 
acknowledge 
bus 


cycles 
will be generated. 
The 
first 
external 
indication 


that 
an interrupt 
has been 
acknowledged 
will be the 


processor 
reading 
the interrupt 
vector 
from 
the inter- 


rupt vector 
table in memory. 


Table 4. 80186 Interrupt 
Vector 
Types 


Interrupt 
Vector 
Relative 


Name 
Type 
Priority 


Timer 0 
8 
O(a) 


Timer 1 
18 
O(b) 


Timer 2 
19 
O(c) 


DMAO 
10 
1 


DMA1 
~ 
11 
2 


INTO 
12 
3 


INT 1 
13 
4 


INT2 
14 
5 


INT3 
15 
6 


Because 
two interrupt 
acknowledge 
cycles are not run, 


interrupt 
response 
to an internally 
vectored 
interrupt 
is 


42 clock 
cycles. 
This 
is faster 
than 
the 
interrupt 
re- 


sponse 
when 
external 
vectoring 
is required, 
or if the 


interrupt 
controller 
is run in Slave Mode. 


If two interrupts 
of the same programmed 
priority 
oc- 


cur, the default 
priority 
scheme 
(as shown in Table 4) is 


used. 


In Slave Mode, 
the interrupt 
types associated 
with the 


various 
interrupt 
sources 
are 
alterable. 
The 
upper 
5 


most significant 
bits are taken from the interrupt 
vector 


register, 
and the lower 3 significant 
bits are taken 
from 


the 
priority 
level of the 
device 
causing 
the 
interrupt. 


Because 
the 
interrupt 
type, 
rather 
than 
the 
interrupt 


vector 
address, 
is given by the interrupt 
controller 
in 


this mode the interrupt 
vector address 
must be calculat- 


ed by the CPU before 
servicing 
the interrupt. 


In Slave Mode, 
the integrated 
interrupt 
controller 
will 


present 
the interrupt 
type to the CPU in response 
to the 


two interrupt 
acknowledge 
bus cycles run by the proc- 


essor. During 
the first interrupt 
acknowledge 
cycle, the 


external 
master 
interrupt 
controller 
determines 
which 


slave interrupt 
controller 
will place its interrupt 
vector 


on the microprocessor 
bus. During 
the second interrupt 


acknowledge 
cycle, 
the 
processor 
reads 
the 
interrupt 


vector from its bus. Thus, 
these two interrupt 
acknowl- 
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CU/SC"Yen:s must oe run, since the integrated controller 
will present the interrupt type information only when 
the external interrupt controller signals the integrated 
controller that it has the highest pending interrupt re- 
quest (see Figure 59). The 80186 samples the SLAVE 
SELECT line (INTI) during the falling edge of the 
clock at the beginning of T3 of the second interrupt 
acknowledge cycle. This input must be stable before 
and after this edge. 


These two interrupt acknowledge cycles will be run 
back to back, and will be LOCKED with the LOCK 
output active. The two interrupt acknowledge cycles 
will always be separated by two idle T states, and wait 
states will be inserted into the interrupt acknowledge 
cycle if a ready is not returned by the processor bus 
interface. The two idle T states are inserted to allow 
compatibility with an external 8259Ainterrupt control- 
ler. 


Because the interrupt acknowledge cycles must be run 
in Slave Mode and the integrated controller presents an 
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interrupt type rather than a vector address, the inter- 
rupt response time is the same as for an externally vec- 
tored interrupt, namely 55 CPU clocks. 


External 
interrupt 
vectoring occurs whenever the 


80186 interrupt controller is placed in Cascade Mode, 
Special Fully Nested Mode, or Slave Mode (and the 
integrated controller is not enabled by the external mas- 
ter interrupt controller). In this mode, the 80186gener- 
ates two interrupt acknowledge cycles, reading the in- 
terrupt type ofTthe lower 8 bits of the address/data bus 
on the second interrupt acknowledge cycle (see Figure 
59). This interrupt response is exactly the same as the 
8086, so that the 8259A interrupt controller can be 
used exactly as it would in an 8086 system. Notice that 
the two interrupt acknowledge cycles are LOCKED, 
and that two idle T-states are always inserted between 
the two interrupt acknowledgebus cycles,and that wait 
states will be inserted in the interrupt acknowledge cy- 
cle if a ready is not returned to the processor. Also 
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NOTES: 
1. SLAVE 
SELECT 
= INT1 


2. INTA 
= INT 2 


3. Driven 
by external 
interrupt 
controller 


4. SLAVE 
SELECT 
must be driven 
before 
Phase 2 of T2 of the second 
INTA cycle 


5. SLAVE 
SELECT 
read by 80186 


Figure 59. 80186 Slave Mode Interrupt 
Acknowledge 
Timing 
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edge signals, one for interrupts signaled by the INTO 
line, and one for interrupts signaled, by the INTI line 
(on the INT2IINTAO and INT3/INTAllines, 
respec- 


tively). These two interrupt 
acknowledge signals are 


mutually exclusive. Interrupt acknowledge status will 
be driven on the status lines (SO-S2) when either 
INT2/INTAO or INT3/INTAI 
signal an interrupt ac- 


knowledge. 


6.5.4 EFFECT 
OF LOCK PREFIX 
ON 


INTERRUPT 
ACKNOWLEDGE 
CYCLES 


When the interrupt controller is operating in either the 
cascade or slave modes and an interrupt occurs during 
an instruction that has been LOCKED by software, the 
LOCK signal timing shown in Figures 59 and 60 may 
be altered. Some peripheral devices used with the 80186 


''''1uu" 
"uuuguous 
11'1If\. cycles to allow correct inter- 


rupt controller response. In such cases, the external cir- 
cuitry in Figure 61 should be used to ensure that DMA 
or HOLD requests are blocked from stealing the bus 
during INT A cycles. 


6.6 
Interrupt 
Controller 
External 


Connections 


The four interrupt signals can be configured into 3 ma- 
jor options. These are direct interrupt inputs (with the 
integrated controller providing the interrupt 
vector), 


cascaded (with an external interrupt controller provid- 
ing the interrupt vector), or Slave Mode. In all these 
modes, any interrupt 
presented to the external lines 


must remain set until the interrupt is acknowledged. 
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When the Cascade Mode bits are cleared, the interrupt 
input pins are configured as direct interrupt pins (see 
Figure 62). Whenever an interrupt is received on the 
input line, the integrated controller will do nothing un- 
less the interrupt is enabled, and it is the highest priori- 
ty pending interrupt. At this time, the interrupt con- 
troller will present the interrupt to the CPU and wait 
for an interrupt acknowledge. When the acknowledge 
occurs, it will present the interrupt vector address to 
the CPU. In this mode, the CPU will not run any exter- 
nal interrupt acknowledge (INTA) cycles. 
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Figure 62. 80186 Non-Cascaded 


Interrupt Connection 


When the Cascade Mode bit is set and the SFNM bit is 
cleared, the interrupt input lines are configured in Cas- 
cade Mode. In this mode, the interrupt input line is 
paired with an interrupt acknowledge line. The INTI/ 
INTAO and INT3/INTAllines 
are dual purpose; they 


can function as direct input lines, or they can function 
as interrupt acknowledge outputs. INTI/I NTAO pro- 
videsthe interrupt acknowledgefor an INTOinput, and 
INT3/INTAI 
provides the interrupt acknowledge for 


an INTI input. Figure 63 shows this connection. 


When programmed in this mode, in response to an in- 
terrupt request on the INTOline, the 80186will provide 
two interrupt acknowledge pulses. These pulses will be 
provided on the INTI/INT AO line, and will also be 
reflected by interrupt acknowledge status being gener- 
ated on the SO-S2 status lines. The interrupt type will 
be read on the second pulse. The 80186externally vec- 
tored interrupt response is covered in more detail in 
Section 6.5. 


INTO/lNT2IINTAO and INTI/INT3/INTAI 
may be 


individually programmed into interrupt 
request/ac- 


knowledge pairs, or programmed as direct inputs. This 
means that INTO/INT2IINT AO may be programmed 
as an interrupt/acknowledge 
pair, while INTI 
and 


INT3/INTAI 
each provide separate internally vec- 


tored interrupt inputs. 


Figure 63. 80186 Cascade and Special 


Fully Nested Mode Interface 


When an interrupt is received on a cascaded interrupt 
pin, the priority mask bits and the in-servicebits in the 
particular interrupt control register will be set. This 
will prevent the controller from generating an 80186 
CPU interrupt request from a lower priority interrupt. 
Also, since the in-service bit is set, any subsequent in- 
terrupt requests on the particular interrupt input line 
will not cause the integrated interrupt controller to gen- 
erate an interrupt request to the 80186 CPU. This 
means that if the external interrupt controller receivesa 
higher priority interrupt request on one of its interrupt 
request lines and presents it to the 80186, it will not 
subsequently be presented to the 80186 CPU by the 
integrated interrupt controller until the in-service bit 
for the interrupt line has been cleared. 


Wherr both the Cascade Mode bit and the SFNM bit 
are set, the interrupt input lines are configured in Spe- 
cial Fully Nested Mode. The external interface in this 
mode is exactly as in Cascade Mode. The only differ- 
ence is in the conditions allowing an interrupt from the 
external interrupt controller to the integrated interrupt 
controller to interrupt the 80186 CPU. 


When an interrupt is received from a Special Fully 
Nested Mode interrupt line, it will interrupt the 80186 
CPU if it is the highest priority interrupt pending re- 
gardless of the state of the in-service bit for the inter- 
rupt source in the interrupt controller. When an inter- 
rupt is acknowledged from a special fully nested mode 
interrupt line, the priority mask bits and the in-service 
bits in the particular interrupt control register will be 


set into the interrupt controller's in-service and priority 
mask registers. This will prevent the interrupt control- 
ler from generating an 80186 CPU interrupt 
request 


from a lower priority interrupt. Unlike Cascade Mode, 
however, the interrupt controller will not prevent addi- 
tional interrupt requests generated by the same external 
interrupt controller from interrupting the 80186 CPU. 
This means that if the external (cascaded) interrupt 
controller receives a higher priority interrupt request 
on one of its interrupt request lines and presents it to 
the integrated controller's interrupt request line, it may 
cause an interrupt to be generated to the 80186 CPU, 
regardless of the state of the in-service bit for the inter- 
rupt line. 


If the SFNM bit is set and the Cascade Mode bit is not 
set, the controller will provide internal interrupt vector- 
ing. It will also ignore the state of the in-service bit in 
determining whether to present an interrupt request to 
the CPU. In other words, it will use the SFNM condi- 
tions of interrupt generation with an internally vectored 
interrupt response, i.e., if the interrupt pending is the 
highest priority type pending, it will cause a CPU inter- 
rupt regardless of the state of the in-service bit for the 
interrupt. 
This operation is only applicable to INTO 


and INTI, which have SFNM bits in their control reg- 
isters. 


When the SLAVE/MASTER bit in the peripheral relo- 
cation register is set, the interrupt controller is in Slave 
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Mode. In this mode, all four interrupt controller input 
lines are used to perform the necessary handshaking 
with the external master interrupt controller. Figure 64 
shows the hardware configuration of the 80186 inter- 
rupt lines with an external controller in Slave Mode. 


Because the integrated interrupt controller is a slave 
controller, it must be able to generate an interrupt input 
for an external interrupt controller. It also must be sig- 
naled when it has the highest priority pending interrupt 
to know when to place its interrupt vector on the bus. 
These two signals are provided by the INT3/Slave In- 
terrupt Output and INTI/Slave 
Select lines, respective- 


ly. The external master interrupt 
controller must be 


able to interrupt the 80186 CPU, and needs to know 
when the interrupt request is acknowledged. The INTO 
and INT2IINT AO lines provide these two functions. 


6.7 
Example 8259A or 82C59A 
Cascade Mode Interface 


Figure 65 shows the 80186 and 8259A (or 82C59A) in 
Cascade Mode. The code to initialize the 80186 inter- 
rupt controller is given in Appendix E. Notice that an 
interrupt ready signal must be returned to the 80186 to 
prevent the generation of wait states in response to the 
interrupt acknowledge cycles. In this configuration the 
INTO and INT2 lines are used as direct interrupt input 
lines. Thus, this configuration provides 10 external in- 
terrupt lines: 2 provided by the 80186 interrupt control- 
ler itself, and 8 from the external 8259A. Also, the 
8259A is configured as a master interrupt controller. It 
will only receive interrupt acknowledge pulses in re- 
sponse to an interrupt it has generated. It may be cas- 
caded again to up to 8 additional 8259As (each of 
which would be configured in Slave Mode). 


Interrupt latency time is the time from when the 80186 
receives the interrupt to the time it begins to respond to 
the interrupt. This is different from interrupt response 
time, which is the time from when the processor actual- 
ly begins processing the interrupt to when it actually 
executes the first instruction of the interrupt 
service 


routine. The factors affecting interrupt latency are the 
intstruction being executed and the state of the inter- 
rupt enable flip-flop. The interrupt 
enable flip-flop 


must be explicitly set by issuing the STI instruction. 
Since interrupt vectoring automatically clears the flip- 
flop, it is necessary to set the flip-flop within the inter- 
rupt service routine if nested interrupts are desired. 
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When interrupts are enabled in the CPU, the interrupt 
latency is a function of the instructions being executed. 
Only repeated instructions will be interrupted 
before 


being completed, and those only between their respec- 
tive iterations. This means that the interrupt latency 
time could be as long as 69 CPU clocks, which is the 
time it takes the processor to execute an integer divide 
instruction (with a segment override prefix, see below), 
the longest single instruction on the 80186. 


Other factors can affect interrupt latency. An interrupt 
will not be accepted between the execution of a prefix 
(such as segment override prefixes and lock prefixes) 
and the instruction. In addition, an interrupt will not be 
accepted between an instruction which modifies any of 
the segment registers and the instruction immediately 
following the instruction. This is required to allow the 
stack to be changed. If the interrupt were accepted, the 
return address from the interrupt would be placed on a 
stack which was not valid (the Stack Segment register 
would have been modified but the Stack Pointer regis- 
ter would not have been). An interrupt will not be ac- 
cepted between the execution of the WAIT instruction 
and the instruction 
immediately followi~if 
the 


TEST input is active. If the WAIT sees the TEST input 
inactive, however, the interrupt will be accepted, and 
the WAIT will be re-executed after the interrupt re- 
turn. Finally, the 80CI86 and 80CI88 will not accept 
interrupts during refresh bus cycles. 


The 80186 clock generator provides the main clock sig- 
nal for all 80186 integrated components, and all CPU 
synchronous devices in the 80186 system. This clock 
generator includes a crystal oscillator, divide by two 
counter, reset circuitry, and ready generation logic. A 
block diagram of the clock generator is shown in Figure 
66. 


All 80186 family microprocessors use a parallel reso- 
nant Pierce oscillator. For all NMOS 80186/80188 ap- 
plications and lower frequency 8OC186/8OC188 appli- 
cations, a fundamental mode crystal is appropriate. At 
higher frequencies, the diminishing thickness of funda- 
mental mode crystals makes a third overtone crystal 
the appropriate choice. The addition of external capaci- 
tors at Xl and X2 is always required, and a third over- 
tone crystal also requires an RC tank circuit to select 
the third overtone frequency over the fundamental fre- 
quency (see Figure 67). 


The recommendations given in the 80186 family prod- 
uct data sheets for the values of the external compo- 
nents should be taken only as guidelines since there are 
situations where the oscillator operation can be modi- 
fied somewhat. One example would be the case where 
the circuit layout introduces significant stray capaci- 
tance to the XI and X2 pins. Another example is at low 
frequencies (CLKOUT less than 6 MHz) where slightly 


inter 


larger capacitors are desirable. Finally, it is also possi- 
ble to use ceramic resonators in place of crystals for low 
cost when precise frequencies are not required. 


For assistance in selecting the external oscillator com- 
ponents for unusual circumstances, the best resource is 
the crystal manufacturer. The foremost circuit consid- 
eration is that the oscillator start correctly over the 
entire voltage and temperature ranges expected in oper- 
ation. 
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NOTES: 
1. RES sampled 
on rising edge of oscillator 
input signal (X1). 
2. Internal 
clear pulse generated. 
3. Internal 
clear 
pulse drives 
CLKOUT 
high. resynchronizing 
the clock 
generator. 
4. RESET 
output 
goes active 
(TCLRO)' 
5. RES allowed 
to go inactive 
after minimum 
4 CLKOUT 
cycles. 
recognized 
at rising CLKOUT. 
6. RESET 
output 
goes inactive 
1% CLKOUT 
cycles 
plus TCLRO 
after recognition 
of RES inactive. 


7. First instruction 
prefetch 
occurs 
6% CLKOUT 
cycles 
after coming 
out of reset. 


An external oscillator may be used with the 80186. The 
external frequency input (EFI) signal is connected di- 
rectly to the XI input of the oscillator. X2 should be 
left not connected. This oscillator input drives an inter- 
nal divide-by-two counter to generate the CPU clock 
signal, so the external frequency input can be of practi- 
cally any duty cycle, so long as the minimum high and 
low times for the signal (as stated in the data sheet) are 
met. 


The output of the crystal oscillator (or the external fre- 
quency input) drives a divide by two circuit which gen- 
erates a 50% duty cycle clock for the 80186 system. All 
80186 timing is referenced to this signal, which is avail- 
able on the CLKOUT pin of the 80186. This signal will 
change state on the high-to-Iow transition of the EFI 
signal. 


The clock generator also includes the circuitry required 
for ready generation. Interfacing to the SRDY and 
ARDY inputs this provides is covered in Section 3.1.6. 


The 80186 clock generator also provides a synchroniz- 
ed reset signal for the system. This signal is generated 
from the reset input (RES) to the 80186. The clock 
generator synchronizes this signal to the clockout sig- 
nal. 


The reset input also resets the divide-by-two counter. A 
one clock cycle internal clear pulse is generated when 
the RES input signal goes active. This clear pulse goes 
active beginning on the first low-to-high transition of 
the XI input after RES goes active, and goes inactive 
on the next low-to-high transition of the XI input. In 


order to insure that the clear pulse is generated on the 
next oscillator cycle, the RES input signal must satisfy 
a setup time to the high-to-Iow oscillator input signal 
(see Figure 68). During this clear, CLKOUT 
will be 


high. 
On 
the 
next 
high-to-low 
transition 
of XI, 


CLKOUT will go low, and will change state on every 
subsequent high-to-low Xl transition. 


The reset signal presented to the rest of the 80186, and 
also the signal present on the RESET output pin of the 
80186 is synchronized by the high-to-Iow transition of 
the clockout signal of the 80186. This signal remains 
active as long as the RES input also remains active. 
After the RES input goes inactive, the 80186 will begin 
to fetch its first instruction 
(at 
memory 
location 


FFFFOH) after 6 1/2 CPU clock cycles (Le., T 1 of the 
first instruction fetch will occur 6 1/2 clock cycles lat- 
er). To ensure that the RESET ouput will go inactive 
on the next CPU clock cycle, the inactive going edge of 
the RES input must satisfy certain hold and setup times 
to the low-to-high edge of the CLKOUT signal of the 
80186 (see Figure 68). 


The 80186 includes a chip select unit which provides 
hardware chip select signals for memory and I/O ac- 
cesses generated by the 80186 CPU and DMA units. 
This unit is programmable such that it can fulfill the 
chip select requirements (in terms of memory device or 
bank size and speed) of most small and medium sized 
80186 systems. 


The chip selects are driven only for internally generated 
bus cycles. Any cycles generated by an external unit 
(e.g., an external DMA controller) will not cause the 
chip selects to go active. Thus, any external bus masters 
must be responsible for their own chip select genera- 
tion. Also, during a bus HOLD, the 80186 does not 
float the chip select lines. Therefore, logic must be in- 
cluded to enable the devices which the external bus 
master wishes to access (see Figure 69). 
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The 80186 provides six discrete memory chip select 
lines. These signals are named UCS, LCS, and MCSO-3 
for Upper Memory Chip Select, Lower Memory Chip 
Select and Midrange Memory Chip Select 0-3. 
They 


are meant (but not limited) to be connected to the three 
major areas of the 80186 system memory (see Figure 
70). 
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The upper limit of UCS and the lower limit of LCS are 
fixed at FFFFFH 
and OOOOOHin memory space, re- 


NOTES: 
1. Upper 
memory 
ready bits 


2. Lower 
memory 
ready bits 


3. PCSO-PCS3 
ready bits 


4. Mid-range 
memory 
ready bits 


5. PCS4-PCS6 
ready bits 


6. MS: 1 = Peripherals 
active 
in memory 
space 
o = Peripherals 
active 
in I/O space 
EX:1 = 7 PCS lines 
o = PCS5 = A1, PCS6 = A2 


Not all bits of every field are used 


spectively. The other limit is set by the memory size 
programmed into the control register for the chip select 
line. Mid-range memory allows both the base address 
and the block size of the memory area to be pro- 
grammed. The only limitation is that the base address 
must be programmed to be an integer multiple of the 
total block size. For example, if the block size was 
128K bytes (4 32K byte chunks) the base address could 
be 0 or 20000H, but not lOOOOH. 


The memory chip selects are controlled by 4 registers in 
the peripheral control block (see Figure 71). These in- 
clude 1 each for UCS and LCS, the values of which 
determine the size of the memory blocks addressed by 
these two lines. The other two registers are used to 
control the size and base address of the mid-range 
memory block. 


On reset, only UCS is active. It is programmed to be 
active for the top IK memory block, to insert 3 wait 
states to all memory fetches, and to factor external 
ready for every memory fetch (see Section 8.3 for more 
information on internal ready generation). None of the 
other chip select lines will be active until all necessary 
registers for a signal have been accessed (not necessarily 
written, a read to an uninitialized register will enable 
the chip select function controlled by that register). 


The 80186 provides seven discrete chip select lines 
which are meant to be connected to peripheral compo- 
nents in an 80186 system. Each of these lines is active 
for one of seven continuous 128 byte areas in memory 
or I/O space above a programmed base address. 


UMCS 


LMCS 


PACS 


MMCS 


MPCS 


inter 


The peripheral chip selects are controlled bt two regis- 
ters in the internal peripheral control block (see Figure 
71). These registers set the base address of the peripher- 
als and map the peripherals into memory or I/O space. 
Both of these registers must be accessed before any of 
the peripheral chip selects will become active. 


A bit in the MPCS register allows PCS5 and PCS6 to 
become latched AI and A2 outputs. When this option 
is selected, PCS5 and PCS6 reflect the state of AI and 
A2 throughout 
a bus cycle. These allow external pe- 


ripheral register selection in a system in which the ad- 
dresses are not latched. Upon reset, these lines are driv- 
en high. 


The 80186 includes a ready generation unit. This unit 
generates an internal ready signal for all accesses to 
memory or I/O areas to which the chip select circuitry 
of the 80186 responds. 


For each ready generation area, 0-3 wait states may be 
inserted by the internal unit. Table 5 shows how the 
ready control bits should be programmed to provide 
this. In addition, the ready generation circuit may be 
programmed to ignore or include the state of the exter- 
nal ready pins. When using both internal and external 
ready generation, both elements must be fulfilled before 
a busy cycle will end. The external ready condition is 
always required upon RESET for accesses involving the 
top IK of memory. Therefore, at least one of the ready 
pins must be connected to functional ready circuitry or 
be tied HIGH until UCS is reprogrammed early in the 
initialization sequence. 


Table 5. 80186 Walt State Programming 


R2 
R1 
RO 
Number of Wait States 


0 
0 
0 
o + external 
ready 


0 
0 
1 
1 + external 
ready 


0 
1 
0 
2 + external 
ready 


0 
1 
1 
3 + external 
ready 


1 
0 
0 
o (no external 
ready required) 


1 
0 
1 
1 (no external 
ready required) 


1 
1 
0 
2 (no external 
ready required) 


1 
1 
1 
3 (no external 
ready required) 


Many examples using the chip select lines are given in 
the bus interface section of this note (Section 3.2). The 
key point to remember when using the chip select func- 
tion is that they are only activated during bus cycles 
generated by the 80186. When another master has the 
bus, it must generate its own chip selects. In addition, 
whenever the bus is given by the 80186 to an external 
master (through HOLD/HLDA) 
the 80186 does not 


float the chip select lines. 


Generally, the chip selects of the 80186 should not be 
programmed such that any two areas overlap. In addi- 
tion, none of the programmed chip select areas should 
overlap any locations of the integrated 256-byte control 
register block. The consequences of doing this are: 


Whenever two chip select lines are programmed to re- 
spond to the same area, both will be activated during 
any access to that area. When this is done, the ready 
bits for both areas must be programmed to the same 
value. If this is not done, the processor response to an 
access in this area is indeterminate. This rule also ap- 
plies to overlapping chip selects with the integrated 
control block. 


If any of the chip select areas overlap the integrated 
256-byte control block, the timing on the chip select 
line is altered. An access to the control block will tem- 
porarily activate the corresponding chip select pin, but 
it will go inactive prematurely. 


8.6 
MCS Functionality 
and the 80C186 


The 8OC186 MCSO, MCSI and MCS3 pins change 
function when the part is configured for Enhanced 
Mode (see Section 9.0 for an explanation of Enhanced 
Mode). The 8OCl88 MCS pins function the same in 
both modes. These pins are configured to support an 
asynchronous numerics floating point coprocessor (see 
Table 6). Thus, the 8OC186does not provide the com- 
plete range of middle chip selects normally available. 
However, the functionality of the MCS2 pin and the 
programming features of the MPCS and MMCS regis- 
ters are still available. 


Table 6. MCS Pin Definitions 


Pin # 
Compatible 
Enhanced 


Mode 
Mode 


35 
MCS3 
NPS, 
Numerics 
Processor 
Select 


36 
MCS2 
MCS2 
37 
MCS1 
ERROR, 
Numerics 
Processor 
Error 


38 
MCSO 
PEREQ, 
Processor 
Extension 
Request 


In Enhanced Mode, it is still possible to program the 
starting address, block size and ready requirements of 
the middle chip selects. This allows the user to take 
advantage of the wait-state generation logic on the 
80Cl86 even though the majority of external chip se- 
lects are not active. It is also possible to use MCS2 
which is active for one fourth the block size (see Figure 
72). 
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9.0 80C186 
PRODUCT 


ENHANCEMENTS 


The 8OCl86 and 8OCl88 are for the most part identical 
to their NMOS counterparts, and may be used inter- 
changeably. However, aside from the fact that 
the 


8OCl86 and 8OCl88 are designed with Intel's CHMOS 
III technology and provide greater operating frequen- 
cies and less power consumption, they also provide two 
new operating units not found on the 80186 or 80188: 
the Refresh Control Unit and the Power-Save Unit. To 
ensure that the new features of the 80C186 are not acci- 
dentally programmed in older designs, the 8OCl86 has 
two operating modes: Compatible Mode and Enhanced 
Mode. Compatible Mode implies that the register, pro- 
gramming and pin definition of the 8OCl86 is identical 
to that of the 80186. Enhanced Mode implies that the 
80C186 provides a super-set of functionality to that of 
the 80186. 


The different modes are selected during RESET. The 
timing diagram in Figure 73 shows how the 8OCl86 
samples the TEST input pin just before and just after 
RES is removed to determine if the device will enter 
Enhanced Mode. Tying the RESET output pin back to 


the TEST input pin ensures that the 8OCl86 or 8OCl88 
enters enhanced mode. If the TEST input is used for 
external synchronization of code, then RESET can be 
OR'ed with the other input provided it is always active 
(low) just after RESET. 


When the 8OCl86 (not the 8OC188) is in Enhanced 
Mode, some of the MCS chip select lines change func- 
tionality to support an asynchronous numerics floating- 
point coprocessor. Refer to Section 8.6 for more detail. 


To simplify the design of a dynamic memory controller, 
the 8OCl86 incorporates integrated address and clock 
counters which, along with the BIU, facilitate dynamic 
memory refreshing. A block diagram of the Refresh 
Control Unit (RCV) and its relationship to the BIU is 
shown in Figure 74. To the memory interface, a refresh 
request looks exactly like a memory read bus cycle. 
This is because a refresh bus cycle is a memory read 
operation. 
Because the RCU is integrated 
into the 


80CI86, functions such as chip selects and wait-state 
control can be used effectively. 


NOTES: 
1. TEST must be high TINVCH when RES transitions high. 
2. TEST must be lowTINVCH fourclocks later. 


The 9-bit counter is controlled by the BIU and is used 
whenever a refresh bus cycle is executed. Thus, any 
dynamic memory whose refresh address requirement 
does not exceed nine bits can be directly supported by 
the 8OC186.The 9-bit address counter along with a 6- 
bit base register define a full 20-bit refresh address. The 
9-bit counter generates a signal to initiate a refresh bus 
cycle. When the counter decrements to I (it is decre- 
mented every clock cycle), a refresh request is present- 
ed to the BIU. When the bus is free, the BIU will run 
the refresh (memory read) bus cycle. Refresh requests 
have a higher priority than any other bus request (i.e., 
CPU, DMA, HOLD). 


9.1.1 REFRESH 
CONTROL 
UNIT 


PROGRAMMING 


There are several registers in the Peripheral Control 
Block that control the RCU. These registers are only 


OFFSET 
15 


accessible when the 8OCl86 or 8OCl88 are operating in 
Enhanced mode. Otherwise, a read or write to these 
registers is ignored. 


The three control registers are MDRAM, 
CDRAM, 


and EDRAM (see Figure 75). These registers define the 
operating characteristics of the RCU. The MDRAM 
register programs the base address (upper 7 bits) of the 
refresh address (see Figure 76). This allows the refresh 
address to be mapped into any 4 kilobyte boundary 
within the 
I megabyte 8OCl86 address space. The 


MDRAM register is not altered whenever the refresh 
address bits (AI through A9 in Figure 76) roll over. In 
other words, the refresh address does not act like a 
linear counter found in a typical DMA controller. 
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EORAM Register(1) 


CORAM Register(2) 


MORAM Register(3) 


NOTES: 
1. Bits 0-8: 
TO-T8, Refresh request down counter clock count. These bits are read only and represent the current 
value of the counter. Anywriteoperation to these bits are ignored. 
Bit15: E, enables the operation of the refresh control unit. 
2. Bits0-8: 
CO-C8, define the number of CLKOUTcycles between each refresh request. 


3. Bits9-15: 
MO-M6,are used to define address bits A13-A19 (respectively)of the 20-bitmemoryaddress. These bits 
are set to zero on RESET. 


Physical Refresh 


Address 


Bit 0: Always driven to 1 (Logic High). This is true for both the 80C186 and the 80C188. 
Bits 1-9: CAO-CAB.are generated 
by the 9-bit Linear-Feedback 
shift counter. 


Bits 10-12: 
Always driven to 0 (Logic Low). 
Bits 13-19: 
MO-M6. are defined by the MDRAM Register. 


The CDRAM 
register 
defines the time interval 
between 


refresh 
requests 
by initializing 
the value loaded 
into the 


9-bit 
down 
counter. 
Thus, 
the 
higher 
the 
value, 
the 


longer the amount 
of time between 
requests. 
The down- 


counter 
is decremented 
every falling edge of CLKOUT, 


regardless 
of the activity 
of the CPU or BIU. When 
the 


counter 
decrements 
to I, a request 
is generated 
and the 


counter 
is again loaded 
with the value in the CDRAM 


register. 
The amount 
of time between 
refresh 
requests 
can be calculated 
using 
the equation 
shown 
in Figure 


77. The minimum 
value that 
can be programmed 
into 


the CDRAM 
register 
is 18 (12H) 
regardless 
of the op- 


erating 
frequency. 
This is due to the minimum 
number 


of clocks 
required 
between 
each 
successive 
request 
to 


ensure 
the BIU has enough 
time to execute 
the refresh 


bus cycle. The BIU is not capable 
of queueing 
requests; 
if another 
request 
is generated 
before 
the 
current 
re- 
quest 
is executed, 
the current 
request 
is lost. This ap- 


plies only to the request 
itself, not the address 
associat- 
ed to the request. 
The refresh 
address 
is only changed 


after the BIU has run the bus cycle. Thus 
it is possible 


to miss refresh 
requests, 
but not refresh 
addresses. 


The EDRAM 
register 
has two functions, 
depending 
on 


whether 
it is being written 
or read. During 
writes to the 
EDRAM 
register, 
only the Enable 
bit is active. 
Setting 


the Enable 
bit enables 
the RCU 
while clearing 
the En- 


able bit disables 
the RCU. 
Whenever 
the RCU 
is en- 


abled, 
the contents 
of the CDRAM 
register 
are loaded 


into the 9-bit down counter 
and refresh 
requests 
will be 


generated 
when 
the 
counter 
reaches 
1. Disabling 
the 


RCU 
stops 
and 
clears 
the 
counter. 
A 
read 
of 
the 


EDRAM 
register 
will return 
the current 
value 
of the 


Enable bit as well as the current 
value of the 9-bit down 


counter 
(zero 
if the RCU 
is not enabled). 
Writing 
to 


EDRAM 
register 
when 
the RCU 
is running 
does not 


modify 
the count 
value in the 9-bit counter. 


Figure 
78 illustrates 
the two major 
functions 
of the re- 


fresh control 
unit that are responsible 
for initiating 
and 


controlling 
the refresh 
bus cycles. 


The 
down 
counter 
is loaded 
on 
the 
falling 
edge 
of 


CLKOUT, 
when 
either 
the 
Enable 
bit is set or 
the 


counter 
decrements 
to 1. Once loaded, 
the down coun- 


ter will decrement 
every falling 
edge of CLKOUT 
(as 


long as the Enable 
bit remains 
set). 


When 
the counter 
decrements 
to I, two things 
happen. 


First, a request 
is generated 
to the BIU to run a refresh 


bus cycle. The request 
remains 
active 
until 
the bus cy- 
cle is run. 
Second, 
the down 
counter 
is reloaded 
with 


the 
value 
contained 
in the 
CDRAM 
register. 
At this 


time, the down counter 
will again begin counting 
down 


every clock cycle. It does not wait until the request 
has 


been serviced. 
This is done to ensure 
that 
each refresh 


request 
occurs 
at the correct 
interval. 
Otherwise, 
the 


time between 
refresh 
requests 
would 
also be a function 


of bus activity, 
which 
is unpredictable. 
When 
the BIU 


services the refresh 
request, 
it will clear the request 
and 


increment 
the refresh 
address. 


RpERIOD(,...s)• FREQ (MHz) 


II Refresh Rows + (II Refresh Rows' 
% Overhead) 


Rperiod = Maximum Refresh period specified by the DRAM manufacturer 
(time in microseconds). 
FREQ = Operating Frequency 
at 80C186 in MHz. 
II Refresh Rows = Total number of rows to be refreshed. 
% Overhead 
= Derating factor to compensate 
for missed refresh requests 
(typically 1-5%). 
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The physical address that is generated during a refresh 
bus cycle is shown in Figure 76, and applies to both the 
80Cl86 
and 8OC188. The refresh address bits 
CAD 


through CA8 are generated using a linear-feedback shift 
counter which does not increment the addresses linear- 
ly from 0 through 
lFFH 
(although they do follow a 


predictable 
algorithm). 
Further, 
note 
that 
for the 


8OC188,address bit AO does not toggle during refresh 
operation, which means that it cannot be used as part 
of the refresh address applied to the dynamic memory 
device. Typically, AOis used as part of memory decod- 
ing in 8OC188 applications, unlike the 8OC186 which 
uses AO along with BHE to select an upper or lower 
bank. Therefore, when designing with the 8OC188,it is 
important not to include AOas part of the row address 
that 
is used for refreshing. Appendix 
K illustrates 


memory address multiplexing techniques that can be 
applied to the 8OCl86 and 80C188. 


When another bus master has control of the bus, the 
HLDA signal is kept active as long as the HOLD input 
remains active. If a refresh request is generated while 
HOLD is active, the 8OC186 will remove (drive inac- 
tive) the HLDA signal to indicate to the current bus 
master that the 8OC186wishes to regain control of the 
bus (see Figure 79). Only when the HOLD input is 
removed will the BIU begin the refresh bus cycle. 


Therefore, it is the responsibility of the system designer 
to ensure that the 80C186can regain the bus if a refresh 
request is signalled. The sequence ofHLDA going inac- 
tive while HOLD is active can be used to signal a pend- 
ing refresh request. HOLD need only go inactive for 
one clock period to allow the refresh bus cycle to be 
run. If HOLD is again asserted, the 80C186 will give 
up the bus after the refresh bus cycle has been run 
(provided there is not another refresh request generated 
during that time). 


The Power-Save Unit is intended to benefit applications 
by lower power consumption while maintaining regular 
operation of the CPU. The 8OC186Power-Save mecha- 
nism lowers current needs by reducing the operating 
frequency. 


The Power-Save Unit is an internal clock divider as 
shown in Figure 80. Because the Power-Save Unit will 
change the internal operating frequency, all other units 
within the 8OC186will be affected by the clock change. 
This includes the CPU, Timers, Refresh, DMA, and 
BIU. Thus, by using the Power-Save feature, the net 
effect is similar to changing the input clock frequency. 


inter 
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NOTES: 
1. System generates HOLD request. 
2. HLDA is returned and BOC1B6 floats the bus/control lines. 
3. Refresh request is generated by the BOC1B6. 
4. BOC1B6 lowers (removes) HLDA to signal that itwants the bus back. 
5. BOC1B6 
waits until HOLD is lowered (removed) for at least 1 clock cycle (minimumHOLD setup and hold time) to 
execute the refresh bus cycle. If HOLD is never lowered,the BOC1B6 willnot take over the bus. 
6. BOC1B6 runs the refresh bus cycle. 
7. HOLD can be again asserted after the 1 clock duration. 
B.The refresh request is cleared after the bus cycle has been executed. 
9. If HOLD was again asserted, the BOC1 B6 willimmediatelyrelinquishthe bus back. Ifno HOLD occurred, normal CPU 
operation willresume. 


The PDCON register (see Figure 81) controls the oper- 
ation of the Power-Save Unit. This register is available 
for programming when the 80CI86 or 80CI88 is in En- 
hanced Mode. Reads or write to the PDCON register 
in Compatible Mode result in no operation, and the 
value returned will be all ones. 


When the Enable bit in the PDCON register is set, the 
Power-Save Unit is active and, depending on the condi- 
tion of the FO and FI bits, the operating clock of the 
8OCl86 is changed from normal operation. When the 
Enable bit is cleared, the 80CI86 will operate at the 
standard divide by 2 clock rate. The Enable bit is auto- 
matically cleared whenever a non-masked interrupt oc- 
curs. Thus, if the Power-Save feature is enabled and an 
unmasked interrupt of sufficient priority is received, the 
Enable bit clears and the processor executes at full 
speed. This allows interrupts 
to be processed at full 


speed. A return from the interrupt does not automati- 
cally set the Enable bit. This must be done as part of 
the interrupt routine. Software interrupts do not clear 
the Enable bit. 


Power-Sove 
Dlvlder- 
Multiplexor 
/1 
/4 
/8 
/16 


Figure 80. Simplified Power-Save 
Internal Operation 


intJ 


PDCON 
Offset FOH 


Bits0-1: 
ClockDivisorSelect 
Fl 
FO DivisionFactor 
MinimumXl Frequency 


o 
0 
divideby 1 
1 MHz 


o 
1 
divideby 4 
4 MHz 


1 
0 
divideby 8 
8 MHz 


1 
1 
divideby 16 
16 MHz 


Bits2-14: Reserved. read back as zero 
Bit15: Enable (set) Power-Save mode. Cleared (disabled)on RESET. 


Figure 81. Power-Save 
Register 
Definition 


The FO and Fl bits determine the divisor of the Power- 
Save unit. Figure 81 provides a list of the various com- 
binations of the bits and their division factor. Note that 
the divisor is related to the output clock, not the input 
clock at pin X 1. Selecting a divisor of 1 does not reduce 
the power consumption. The operating clock of the 
8OC186must not be divided below the minimum oper- 
ating frequency specified in data sheet (500 kHz). Fig- 
ure 81 also indicates the minimum operating frequency 
required in order to use a specific divisor. 


9.2.2 
POWER-SAVE 
OPERATION 


When the Enable bit in the PDCON register is set, the 
clock divider circuity will turn on during the write to 
the PDCON register (refer to Figure 82). At the falling 
edge of T3 of the register write, CLKOUT will change 
to reflect the new divisor. If any values of FO-Fl 
other 


than zero have been programmed, the CLKOUT peri- 
od will be increased over undivided CLKOUT, starting 
with the low phase. CLKOUT will not glitch. 


The Power-Save Unit remains active until one of three 
events happens: either the Enable bit in the PDCON 
register is cleared, new values for FO and Fl are pro- 
grammed, or an unmasked interrupt is received. In the 
first two cases, the changes directly follow Figure 82. 


When an unmasked interrupt is received, the operating 
frequency is changed as shown in Figure 82, but may 
occur at any T3 bus state in progress at the time of the 
interrupt. Thus, it is not possible to determine exactly 
when, in the event of an interrupt, the Power-Save unit 
will be disabled. 


10.0 SOFTWARE 
IN AN 80186 


SYSTEM 


Since the 80186 is object code compatible with the 8086 
and 8088, the software in an 80186 system is very simi- 
lar to that in an 8086 system. Because of the hardware 
chip select functions, however, a certain amount of ini- 
tialization code must be included when using those 
functions on the 80186. 


10.1 System Initialization 
in an 


80186 System 


The 80186 includes circuitry which directly affects the 
ability of the system to address memory and I/O devic- 
es, namely the chip select circuitry. This circuitry must 
be initialized before the memory areas and peripheral 
devices addressed by the chip select signals can be used. 


NOTES: 
1. Writeto PDCONregister (as viewedon the bus) 
2. Lowgoing edge of T3 starts new clock divider 


Upon reset, the UMCS register is programmed to be 
active for all memory fetches within the top 1K byte of 
memory space. It is also programmed to insert three 
wait states to all memory accesses within this space. If 
the hardware chip selects are used, they must be pro- 
grammed before the processor leaves this 1K byte area 
of memory. If a jump to an area for which the chips are 
not selected occurs the processor will fetch garbage. 
Appendix F shows a typical initialization sequence for 
the 80186 chip select unit. 


10.2 
Instruction 
Execution 
Differences 


between 
the 8086 and 80186 


There are a few instruction execution differences be- 
tween the 8086 and the 80186. These differences are: 


When the opcodes 63H, 64H, 65H, 66H, 67H, F1H, 
FEH XXI11XXXB 
and FFH XXI11XXXB 
are exe- 


cuted, the 80186 will execute an illegal instruction ex- 
ception, interrupt type 6. The 8086 will ignore the op- 
code. 


When the opcode OFH is encountered, the 8086 will 
execute a POP CS, while the 80186 will excecute an 
illegal instruction exception, interrupt type 6. 


When a word write is performed at offset FFFFH in a 
segment, the 8086 will write one byte at offset FFFFH, 
and the other at offset 0, while the 80186 will write one 
byte at offset FFFFH, and the other at offset 10000H 
(one byte beyond the end of the segment). One byte 
segment underflow will also occur (on the 80186) if a 
stack PUSH is executed and the Stack Pointer contains 
the value 1. 


Before the 80186 performs a shift or rotate by a value 
(either in the CL register, or by an immediate value) it 
ANDs the value with 1FH, limiting the number of bits 
rotated to less than 32. The 8086 does not do this. 


The 8086 activates its LOCK signal immediately after 
executing the LOCK prefix. The 80186 does not acti- 
vate the LOCK signal until the processor is ready to 
begin the data cycles associated with the LOCKed in- 
struction. 


NOTE: 


When executing more than one LOCKed instruction, 
always make sure there are 6 bytes of code between 
the end of the first LOCKed instruction and the start 
of the second LOCKed instruction. 


If an 8086 is interrupted during the execution of a re- 
peated string move instruction, the return value it will 
push on the stack will point to the last prefix instruc- 
tion before the string move instruction. If the instruc- 
tion had more than one prefix (e.g., a segment override 
prefix in addition to the repeat prefix), it will not be re- 
executed upon returning from the interrupt. The 80186 
will push the value of the first prefix to the repeated 
instruction, so long as prefixes are not repeated, allow- 
ing the string instruction to properly resume. 


CONDITIONS 
CAUSING 
DIVIDE 
ERROR 
WITH 


AN INTEGER 
DIVIDE: 


The 8086 will cause a divide error whenever the abso- 
lute value of the quotient is greater than 7FFFH (for 
word operations) or if the absolute value of the quotient 
is greater than 7FH (for byte operations). The 80186 
has expanded the range of negative numbers allowed as 
a quotient by 1 to include 8000H and 80H. These num- 
bers represent the most negative numbers representable 
using 2's complement arithmetic (equaling - 32768 and 
-128 
in decimal, respectively). 


The 80186 may be programmed to cause an interrupt 
type 7 whenever an ESCape instruction (used for co- 
processors like the 8087) is executed. The 8086 has no 
such provision. Before the 80186 performs this trap, it 
must be programmed to do so. 


These differences can be used to determine whether the 
program is being executed on an 8086 or an 80186. 
Probably the safest execution difference to use for this 
purpose is the difference in multiple bit shifts. For ex- 
ample, if a multiple bit shift is programmed where the 
shift count (stored in the CL register) is 33, the 8086 
will shift the value 33 bits, whereas the 80186 will shift 
it only a single bit. 


In addition to the instruction execution differences not- 
ed above, the 80186 includes a number of new instruc- 
tion types, which simplify assembly language program- 
ming of the processor, and enhance the performance of 
higher level languages running on the processor. These 
new 
instructions 
are 
covered 
in 
depth 
in 
the 


8086/80186 users manual and in Appendix H of this 
note. 


APPENDIX 
A 
PERIPHERAL 
CONTROL 
BLOCK 


Relocetion 
Regilter 


OMA 
Descriptors 
Channell 


OMA 
Descriptor. 
Channel 
0 


Chi~Setec. Controt Regilte,. 


Timer 
2 Control 
Regllter. 


Timer 
1 Control 
Reglste,. 


Timer 
0 Control 
Register. 


Interrupt 
Controller 
Regil'." 


All the integrated peripherals within the 80186 micro- 
processor are controlled by sets of registers contained 
within an integrated peripheral control block. The reg- 
isters are physically located within the peripheral devic- 
es they control, but are addressed as a single block of 
registers. This set of registers encompasses 256 contigu- 
ous bytes and can be located on any 256 byte boundary 
of the 80186 memory or I/O space. Maps of these regis- 
ters are shown in Figure A-I for the 80186/80188 and 
in Figure A-2 for the 8OCI86/8OCI88. Any unused 
bytes are reserved. 


A.1 
SETTING 
THE BASE LOCATION 


OF THE PERIPHERAL 
CONTROL 


BLOCK 


In addition to the control registers for each of the inte- 
grated 80186 peripheral devices, the peripheral control 


block contains the peripheral control block relocation 
register. This register allows the peripheral 
control 


block to be re-located on any 256 byte boundary within 
the processor's 
memory or 110 space. Figure A-2 


shows the layout of this register. 


This register is located at offset FEH within the periph- 
eral control block. Since it is itself contained within the 
peripheral control block, any time the location of the 
peripheral control block is moved, the location of the 
relocation registers will also move. 


In addition to the peripheral control block relocation 
information, the relocation register contains two addi- 
tional bits. One is used to set the interrupt controller 
into slave mode. The other is used to force the proces- 
sor to trap whenever an ESCape (coprocessor) instruc- 
tion is encountered. 
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SLAVEI A TER = Master InterruptControllerMode I Slave 
InterruptControllerMode (011) 


Figure A-3. 80186 Relocation Register Layout 


Because the relocation register is contained within the 
To relocate the peripheral control block to the memory 


peripheral control block, upon reset the relocation reg- 
range 
lOOOOH-IOOFFH,for example, the user pro- 


ister is automatically 
programmed 
with 
the 
value 
grams the relocation register with the value lIOOH. 


20FFH. This means that the peripheral control block 
Since the relocation register is contained within the pe- 
will be located at the very top (FFOOH to FFFFH) 
of 
ripheral 
control 
block, it moves to word 
location 


I/O space. Thus, after reset the relocation register will 
lOOFEH in memory space. 


be located at word location FFFEH in I/O space. 


Whenever mapping the 188 peripheral control block to 
another location, the programming of the relocation 
register should be done with a byte write (i.e., OUT 
DX,AL). Any access to the control block is done 16 
bits at a time. Thus, internally, the relocation register 
will get written with 16 bits of the AX register while 
externally, the BIU will run only one 8 bit bus cycle. If 
a word instruction is used (i.e., OUT DX,AX), the relo- 
cation register will be written on the first bus cycle. The 
BIU will then run a second bus cycle which is unneces- 
sary. The address of the second bus cycle will no longer 
be within the control block (i.e., the control block was 
moved on the first cycle), and therefore, will require the 
generation of an external ready signal to complete the 
cycle. For this reason we recommend byte operations to 
the relocation register. Byte instructions may also be 
used for the other registers in the control block and will 
eliminate half of the bus cycles required if a word oper- 
ation had been specified. Byte operations are only valid 
on even addresses though, and are undefined on odd 
addresses. 


A.2 
Peripheral 
Control 
Block 


Registers 


Each of the integrated peripherals' control and status 
registers are located at a fixed location above the pro- 
grammed base location of the peripheral control block. 
There are many locations within the peripheral control 
block which are not assigned to any peripheral. If a 
write is made to any of these locations, the bus cycle 
will be run, but the value will not be stored in any 
internal location. This means that if a subsequent read 
is made to the same location, the value written will not 
be read back. 


The processor will run an external bus cycle for any 
memory or I/O cycle which accesses a location within 
the integrated control block. This means that the ad- 
dress, data, and control information will be driven on 


the 80186 external pins just as if a "normal" bus cycle 
had been run. Any information returned by an external 
device will be ignored, however, even if the access was 
to a location which does not correspond to any of the 
integrated peripheral control registers. The above is 
also true for the 80188, except that the word access 
made to the integrated registers will be performed in a 
single bus cycle internally, while externally, the BIU 
runs two bus cycles. 


The processor internally generates a ready signal when- 
ever any of the integrated peripherals are accessed; thus 
any external ready signals are ignored. This ready will . 
also be returned if an access is made to a location with- 
in the 256 byte area of the peripheral control block 
which does not correspond to any integrated peripheral 
control register. The processor will insert 0 wait states 
to any access within the integrated peripheral control 
block except for accesses to the timer registers. Any 
access to the timer control and counting registers will 
incur 1 wait state. This wait state is required to proper- 
ly multiplex processor and counter element accesses to 
the timer control registers. 


All accesses made to the integrated peripheral control 
block will be word accesses. Any write to the integrated 
registers will modify all 16 bits of the register, whether 
the opcode specified a byte write or a word write. A 
byte read from an even location should cause no prob- 
lems, but the data returned when a byte read is per- 
formed from an odd address within the peripheral con- 
trol block is undefined. This is true both for the 80186 
and the 80188. As stated above, even though the 80188 
has an external 8 bit data bus, internally it is still a 16- 
bit machine. Thus, the word accesses performed to the 
integrated registers by the 80188 will each occur in a 
single bus cycle internally while externally the BIU 
runs two bus cycles. The DMA controller cannot be 
used for either read or write accesses to the peripheral 
control block. 


inter 


APPENDIX 
B 
80186 SYNCHRONIZATION 
INFORMATION 


Many input signals to the 80186 are asynchronous, that 
is, a specified set up or hold time is not required to 
insure proper functioning of the device. Associated 
with each of these inputs is a synchronizer which sam- 
ples this external asynchronous signal, and synchroniz- 
es it to the internal 80186 clock. 


B.1 WHY SYNCHRONIZERS 
ARE 
REQUIRED 


Every data latch requires a certain set up and hold time 
in order to operate properly. At a certain window with- 
in the specified set up and hold time, the part will actu- 
ally try to latch the data. If the input makes a transition 
within this window, the output will not attain a stable 
state within the given output delay time. The size of 
this sampling window is typically much smaller than 
the actual window specified by the data sheet, however 
part to part variation could move this window around 
within the specified window in the data sheet. 


Even if the input to a data latch makes a transition 
while a data latch is attempting to latch this input, the 
output of the latch will attain a stable state after a cer- 
tain amount of time, typically much longer than the 
normal strobe to output delay time. Figure B-1 shows a 
normal input to output strobed transition and one in 
which the input signal makes a transition during the 
latch's sample window. In order to synchronize an 
asynchronous signal, all one needs to do is to sample 
the signal into one data latch long enough for the out- 
put to stabilize, then latch it into a second data latch. 
Since the time between the strobe into the first data 
latch and the strobe into the second data latch allows 
the first data latch to attain a steady state (or to resolve 
the asynchronous signal), the second data latch will be 
presented with an input signal which satisfies any set up 
and hold time requirements it may have. 


Thus, the output of this second latch is a synchronous 
signal with respect to its strobe input. 


A synchronization failure can occur if the synchronizer 
fails to resolve the asynchronous transition within the 
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Figure B·1. Valid and Invalid Latch Input 


Transitions 
and Responses 


time between the two latch's strobe signals. The rate of 
failure is determined by the actual size of the sampling 
window of the data latch, and by the amount of time 
between the strobe signals of the two latches. Obvious- 
ly, as the sampling window gets smaller, the number of 
times an asynchronous transition will occur during the 
sampling window will drop. In addition, however, a 
smaller sampling window is also indicative of a faster 
resolution time for an input transition which manages 
to fall within the sampling window. 


The 80186 contains synchronizers on the RES, TEST, 
TmrInO-l, 
DRQO-l, 
NMI, 
INTO-3, 
ARDY, 
and 


HOLD input lines. Each of these synchronizers use the 
two stage synchronization 
technique described above 


(with some minor modifications for the ARDY line, see 
section 3.1.6). The sampling window of the latches is 
designed to be in the tens of pico-secohds, and should 
allow operation of the synchronizers with a mean time 
between failures of over 30 years assuming continuous 
operation. 


inter 


APPENDIX 
C 
80186 EXAMPLE DMA INTERFACE 
CODE 


This 
file contains 
an exampie 
procedu~ which 
initializes 
the 80186 
DMA 
controller 
to perform 
the DMA 
transfers 
between 
the 80186 
system 
and 
the 
8272 Floppy 
Disk Controller 
(FDC). 
It assumes 
that 
the 80186 
peripheral 
control 
block 
has not 
been moved 
from 
its reset location. 


argl 
equ 


ar82 
cqu 


arg) 
equ 
OMA..FROM.LOWER 
equ 
OMA..FROM.UPPER 
equ 
OMA..TQLOWER 
equ 
DMA..TO.UPPER 
equ 
OMA..COUNT 
equ 
OMA..CONTROL 
equ 
OMA..TO.OISK.CONTROL 
equ 


word plr [BP + 41 
word ptr [BP + 6J 
word ptr (BP + 8J 
OFFCOh 
OFFC2h 
OFFC4h 
OFFC6h 
OFFC8h 
OFFCAh 
01486h 
destination 
synchronization 


source 
to memory. 
incrcmented 


destination 
to I/O 
no terminal 
count 
byte transfers 


source synchronization 
source to I/O 
destination 
to memory, 
incr 


no terminal 
count 
byte transfers 
FOC DMA 
address 
FDC data register 
FDC status 
register 


FOC.OMA 
equ 
6B8h 


FOC.OATA 
equ 
688h 


FOC.5TATUS 
equ 
680h 


cgroup 
group 
ande 


code 
segment 
public 
scLdma... 


assume 
cs:cgroup 


scLdma (offsct,to) programs the DMA channel to point one side to the 
disk DMA address. and the other to memory pointed to by ds:offsct. If 
'to' - 
0 then will be a transfer 
from disk to memory; 
if 


'to' = ) then will be a transfer 
from memory 
to disk. The parameters 
to 
the routine 
are passed 
on the stack. 


near 
0.0 
AX 
BX 
OX 
arg2.1 


get the segment 
value 
gen the upper 4 bits of the 
physical 
address 
in the lower 4 


bits of the register 


inter 


mov 
8X,AX 
save the result ... 
mov 
DX,DMA..FROM.UPPER 
prIm the upper 4 bits of the 
out 
DX,AX 
DMA source rClister 
and 
AX,OFFFOh 
form the lower 16 bits of the 
physi<al address 
add 
AX,ar11 
add the offset 
mov 
DX,DMA..FROM.LOWER 
prIm the lower 16 bits of the 
out 
DX,AX 
DMA source reaister 


jne 
no..carryJrom 
check for carry out of addition 
ine 
8X 
if carry out. then need to adj 
mov 
AX,8X 
the upper 4 bits of the pointer 
mov 
DX,DMA..FROM.UPPER 
out 
DX,AX 
no.carryJrom: 
mov 
AX,FDCDMA 
prIm the low 16 bits of the DMA 
mov 
DX,DMA.. TO.LOWER 
destination 
rCBiller 
out 
DX,AX 
.or 
AX,AX 
zero the up 4 bits of the DMA 
mov 
DX,DMA.. TO.UPPER 
destination register 
out 
DX,AX 
mov 
AX,DMA.. TO.DISK..CONTROL; 
prIm the DMA ell reI 
mov 
DX,DMA..CONTROL 
note: DMA may belin immediatly 
out 
DX,AX 
after this word is output 
pop 
DX 
pop 
OX 
pop 
AX 
leave 
ret 


mov 
AX,DS 
rol 
AX,4 
mov 
DX,DMA.. TO.UPPER 
out 
DX,AX 
mov 
8X,AX 
and 
AX,OFFFOh 
add 
AX,ar11 
mov 
DX,DMA.. TO.LOWER 
out 
DX,AX 
jne 
no.carry_to 
ine 
8X 
mov 
AX,8X 
mov 
DX,DMA..TO.UPPER 
out 
DX,AX 


mov 
AX,FDC.DMA 


mov 
DX,DMA..FROM.LOWER 
out 
DX,AX 
.or 
AX,AX 
mov 
DX,DMA..FROM.UPPER 
out 
DX,AX 
mov 
AX,DMA..FROM.DISK..CONTROL 
mov 
DX,DMA..CONTROL 
210973-85 


out 
DX,AX 
pop 
DX 
pop 
8X 
pop 
AX 
leave 
ret 
endp 


ends 
end 
210973-86 


APPENDIX 
D 
80186 EXAMPLE TIMER 
INTERFACE 
CODE 


this file contains example 80186 timer routines. The first routine 


sets up the timer and interrupt controller to cause the timer 
to generate an interrupt every 10 milliseconds. and to service 
interrupt 
to implement 
a real time clock. 
Timer 
2 is used in 


this example because no input or output signals are required. 
The code example assumes that the peripheral control block has 
not been moved from its reselloeation 
(FFOll-FFFF 
in I/O space). 


aral 
cqu 
word plr [SP + 4J 


.rg2 
cqu 
word plr [SP + 6J 


.,g3 
cqu 
word ptr [SP + 8J 


timcr.2int 
cqu 
19 


timer.2control 
cqu 
OFF66h 


timcr..2malLctl 
cqu 
OFF62h 


timer.inLctl 
cqu 
OFF32h 


eoi-rcgistcr 
cqu 
OFF22h 


interrupLstat 
cqu 
OFF30h 


data 
segment 
public 
hour_,minutc.,second-,msec- 
mscc- 
db 
? 
hour_ 
db 
? 
minute- 
db 
? 
second- 
db 
? 


data 
ends 


cgroup 
group 
code 
dgroup 
group 
data 


code 
segment 
public 
scLtime. 


assume 
cs:code,ds:dg,oup 


scUimc(hour,minulc,sceond) 
sets the time variables, initializes the 


80186 timcr2 to provide interrupts every 10 milliseconds, and 
programs the interrupt vector for timer 2 


seuime. 
proc 
near 
enter 
0,0 
set stack addressability 


push 
AX 
save registers used 
push 
OX 
push 
SI 
push 
OS 


.or 
AX,AX 
set the interrupt vector 
the timers have unique 
interrupt 
vectors even though they share 
the same control register 


mov 
OS,AX 


mo. 
St,4 • timer2.int 
210973-87 


mov 
word 
ptr 
DS: [81] ,offset 
ti.er_2_interrupt_I"outine 
inc 
SI 
inc 
SI 
mov 
OS:[SI1,CS 
pop 
OS 


mov 
AX,argt 
; 
set the time values 
mov 
hour ....AL 
mov 
AX,arg2 
mav 
minute-,AL 
mav 
AX,arg) 
mav 
second-,AL 
mav 
mscc.,O 


DX,timer2..max..c:tl 
AX,20000 


OX,AX 
OX,limer2.conlrol 
AX,III 
OOOOOOOOOOOO 
I b 


DX,timer.inLctl 
AX,OOOOb 


OX,AX 


msec.,99 
bump.second 
mscc- 
rcseLinLctl 


msec.,O 
second..,S9 
bump_minute 
seconci 
rcseLinLcti 


seconci,O 
minute.,S9 
bump.haur 
minute. 
reseLinLcti 
OX 
AX 


set the max count value 
10 ms / SOOns (timer 2 counlS 
at 1/4 the CPU cloc~ rale) 


set the control word 
enable c:ountina 
generate interrupu on TC 
continuous countin. 


set up the interrupt controller 
unmask interrupts 
highest priority interrupt 


mov 
minUle..O 
cmp 
hour., I2 
jae 
rescLhour 


iRe 
hour. 
jmp 
rescLinLcti 


mov 
hour .•1 


mov 
DX,eoLregister 
mov 
AX,8000h 
out 
OX,AX 


pop 
OX 
pop 
AX 
ire1 
endp 
ends 
end 


set the control 
word 
enable counting 
no interrupt 
on TC 
continuous counting 
single max count register 


this file contains 
example 
80186 
timer 
routines. 
The second routine 


sets up the timer 
as a baud rate generator. 
In this mode, 


Timer 
I is used to continually 
output 
pulses with a period of 


6.5 usee: for use with a serial controller 
at 9600 baud 


programmed 
in divide by 16 mode (the actual 
period required 
for 9600 baud i. 6.51 usee). 
Thi. 
assumes 
that the 80186 i. 
running at 8 MHz. The code example also assumes that the 
peripheral 
control 
block has not been moved from its reset 
location 
(FFOO-FFFF 
in I/O 
.pace). 


DX,timerl.malLcnt 
AX,13 
OX,AX 
DX,limcrl.control 
AX, II OOOOOOOOOOOOOI b 


this file contains 
example 
80186 timer 
routines. 
The third 
routine 
sets up the timer 
as an external 
event counter. 
In this mode, 
Timer 
I is used to count 
transitions 
on its input pin. Arter 
the timer 
has been set up by the routine, 
the number 
of 
events counted 
can be directly 
read from the timer count 
register 
at location 
FF58H 
in I/O space. The timer 
will 


count a maximum 
of 65535 
timer events before wrapping 


around 
to zero. This code example 
also assumes 
thaI the 
peripheral 
control 
block has not been moved from its reset 
location (FFOO-FFFF in I/O space). 


timerl.control 
timerl.maLcnt 
timer I.cnueg 


OFFSEh 
OFFSAh 
OFFS8H 


proc 
near 
push 
AX 
push 
OX 


mov 
DX,timerl.max..cnt 
mov 
AX,O 


out 
OX,AX 
mov 
DX,timerl_control 
mov 
AX,llOOOOOOOOOOOIOlb 


out 
OX,AX 


xor 
AX,AX 
mov 
DX,timerl_cnueg 
out 
OX,AX 


pop 
OX 
pop 
AX 
ret 


endp 
ends 
end 


set the max count value 
allows the timer 
to count 


aJl the way to FFFFH 


set the control 
word 
enable counting 
no interrupt 
on TC 
continuous 
counting 
single max count register 
external 
clocking 


zero AX 
and zero the count 
in the timer 
count register 


APPENDIX 
E 
80186 EXAMPLE 
INTERRUPT 
CONTROLLER 
INTERFACE 
CODE 


This routine confi,urcs the 80186 interrupt controller to prcwidc 


IWOcascaded 
inlerrupl 
inpuls 
(Ihrough 
In externll 
82S9A 


interrupt 
controller 
on pins INTO/INTI) 
Ind lwo diroct 


interrupl 
inpuu 
(on pins INTI 
Ind 
INn). 
The deflult 
priority 


levels are used. 8c<:ause of this, the priority level proarammccl 
into the control register is set the Ill. 
the level all 


interrupts 
are prOirammed 
to at reset. 


equ 
OFB8H 


equ 
OFF28H 


sClment 
assume 
CS:code 


proc 
near 


push 
OX 


push 
AX 


mov 
AX,OIOOIIlB 


mov 
OX,iotO.control 
oul 
OX,AX 


mov 
AX,OIOOIIOI 
B 


mov 
OX,inLmask 


out 
OX,AX 


pop 
AX 


pop 
OX 


ret 
endp 
ends 
end 


e,"mple..80 
186.inlerrupLcode 


This routine 
conrllurcs 
the 80186 
interrupt 
conuoUer 
into Slave 


Mode. This code does not initiali ••• Illy oIlhe 
10116 


intcarated 
peripheral 
control rcaisten. 
nor does it initialize 


the extemal8259A 
interrupt 
conroDer. 


seament 
assume 
proc 
push 
push 


CS:code 
near 
OX 
AX 


OX,relocation..reg 
AX,OX 
AX,O 1OOOOOOOOOOOOOOB 
OX,AX 


intJ 


APPENDIX 
F 
80186/8086 
EXAMPLE SYSTEM INITIALIZATION 
CODE 


This file contains a system initialization 
routine 
for the 80186 
or the 8086. The code determines whether it is running on 
an SOIS6 or an SOS6, and if it is runnins 
on an SOl S6, it 
initializes 
the integrated 
chip select registers. 


org 
0 
jmp 
far piT initialize 
restart 
ends 


e~trn 
monitor:far 
iniLhw 
segment 
at 
OFFFOh 
assume 
CS:iniLhw 


This segment 
initializes 
the chip selects. 
It must be located in the 
top 1K to insure that the ROM remains selected in the 80186 
system until the proper size of the select area can be programmed. 


UMCS.reg 
equ 
OFFAOH 
LMCS.reg 
equ 
OFFA2H 
PACS.res 
equ 
OFFA4H 
MPCS.res 
equ 
OFFASH 
UMCS.value 
equ 
IOF03SH 
LMCS.value 
equ 
07FSH 
PACS.value 
equ 
007EH 
MPCS.value 
equ 
SIBSH 


initialize 
pro< 
far 
mov 
AX,2 
mov 
CL,33 
shr 
AX,CL 
tcst 
AX,I 
jz 
noLSOIS6 


mov 
OX,UMCS.reg 
mov 
AX,UMCS.value 
out 
OX,AX 


mov 
OX,LMCS.reg 
mov 
AX,LMCS.value 
out 
OX,AX 


mov 
OX,PACS.reg 


AX,PACS.value 
OX,AX 
OX,MPCS.reg 
AX,MPCS.value 
OX,AX 


64K. no wait states 
32K, no wait states 
peripheral base at 4OOH, 2 ws 
PCS5 and 6 supplies, 
peripherals in I/0 
space 


determine 
if this is an 
SOS6 or an SOlS6 (checks 
to see if the multiple bit 
shift value was ANDed) 


set up the peripheral 
chip 
selects (note the mid·range 
memory chip selects are not 
needed in this system. and 
are thus not initialized 


inter 


APPENDIX 
G 
80186 WAIT STATE PERFORMANCE 


Because the 80186 contains separate bus interface and 
execution units, the actual performance of the proces- 
sor will not degrade at a constant rate as wait states are 
added to the memory cycle time from the processor. 
The actual rate of performance degradation will depend 
on the type and mix of instructions actually encoun- 
tered in the user's program. 


Shown below are two 80186 assembly language pro- 
grams, and the actual execution time for the two pro- 
grams as wait states are added to the memory system of 
the processor. These programs show the two extremes 
to which wait states will or will not affect system per- 
formance as wait states are introduced. 


Program 1 is very memory intensive. It performs many 
memory reads and writes using the more extensive 
memory addressing modes of the processor (which also 
take a greater number of bytes in the opcode for the 
instruction). As a result, the execution unit must con- 
stantly wait for the bus interface unit to fetch and per- 
form the memory cycles to allow it to continue. Thus, 
the execution time of this type of routine will grow 
quickly as wait states are added, since the execution 
time is almost totally limited to the speed at which the 
processor can run bus cycles. 


Note also that this program execution time calculated 
by merely summing up the number of clock cycles giv- 
en in the data sheet will typically be less than the actual 
number of clock cycles actually required to run the pro- 
gram. This is because the numbers quoted in the data 
sheet assume that the opcode bytes have been pre- 
fetched and reside in the 80186 prefetch queue for im- 
mediate access by the execution unit. If the execution 


unit cannot access the opcode bytes immediately upon 
request, dead clock cycles will be inserted in which the 
execution unit will remain idle, thus increasing the 
number of clock cycles required to complete execution 
of the program. 


On the other hand, program 2 is more CPU intensive. 
It performs many integer multiplies, during which time 
the bus interface unit can fill up the instruction prefetch 
queue in parallel with the execution unit performing the 
multiply. In this program, the bus interface unit can 
perform bus operations faster than the execution unit 
actually requires them to be run. In this case, the per- 
formance degradation is much less as wait states are 
added to the memory interface. The execution time of 
this program is closer to the number of clock cycles 
calculated by adding the number of cycles per instruc- 
tion because the execution unit does not have to wait 
for the bus interface unit to place an opcode byte in the 
prefetch queue as often. Thus, fewer clock cycles are 
wasted by the execution unit laying idle for want of 
instructions. Table G-I lists the execution times mea- 
sured for these two programs as wait states were intro- 
duced with the 80186 running at 8 MHz. 


Table G-1 


# of 
Program 
1 
Program 
2 


Walt 
Exec 
Perf 
Exec 
Perf 


States 
Time 
Degr 
Time 
Degr 
(/Lsec) 
(/Lsec) 


0 
505 
294 


1 
595 
18% 
311 
6% 


2 
669 
12% 
337 
8% 


3 
752 
12% 
347 
3% 


This file contains two programs which demonstrate the 80186 performance 


degradation as wait slates are inserted. Program I performs a 
transformation between two types of characters sets, then copies 
the transformed characters back to the original buffer (which is 64 
bytes long, Program 2 performs the same type of transformation, however 
instead of performing a table lookup, it multiplies each number in the 
original 32 word buffer by a constant (3, notc the use of the integer 
immediate multiply instruction). Program Unothing" 
is used to measure 


the call and return times from the driver program only. 


cgroup 
dg.oup 
data 


group 
code 
group 
data 
segment 


inter 


inter 


and off existing ready bits 
insure ws count is good 
adjust the ready bits 
and write to LMCS 


waiutatc(n) 
sets the 80186 
LMCS 
register to the number 
of wait states 
(0 to 3) indicated by the parameter n (which is passed on the stack). 
No other bits of the LMCS register arc modified. 


proc 
ncar 


entcr 
0,0 
push 
AX 
push 
8X 
push 
OX 


mov 
8X,word ptr [8P + 4) 
mov 
OX,OFFA2h 


in 
AX,OX 


and 
AX,OFFFCh 
and 
8X,] 


or 
AX,8X 
out 
OX,AX 


pop 
OX 
pop 
8X 
pop 
AX 
leave 
ret 
endp 


seLtimcrO initializes the 80186 timers to count microseconds. Timer 2 


is set up as a prescaler to timer 0, the microsecond count can be read 


directly out of the timer 0 count register at location FF50H in I/O 
space. 


scLtimer_ 
proc 
near 
push 
AX 
push 
OX 


mov 
OX,Off66h 
mov 
AX,4000h 
out 
OX,AX 


mov 
OX,OffSOh 
mov 
AX,O 
out 
DX,AX 


mov 
DX,OffS2h 
mov 
AX,O 
out 
DX,AX 


intJ 


mov 
DX,OffS6h 
enable timer 0 
mov 
AX,OcOO9h 


out 
DX,AX 


mov 
DX,Off60h 
clear timer 2 count 
mov 
AX,O 
oul 
DX,AX 


mov 
DX,Off62h 
set maximum count of timer 2 


mov 
AX,2 


out 
DX,AX 


mov 
DX,Off66h 
re-enable timer 2 


mov 
AX,OcOOlh 


out 
DX,AX 


pop 
DX 
pop 
AX 
ret 
seLtimer. 
endp 
code 
ends 
end 
, 
, 
210973-98 


APPENDIX 
H 
80186 NEW INSTRUCTIONS 


The 80186 performs many additional instructions to 
those of the 8086. These instructions appear shaded in 
the instruction set summary at the back of the 80186 
data sheet. This appendix explains the operation of 
these new instructions. In order to use these new in- 
structions 
with 
the 
8086/186 
assembler, 
the 


"$modI86" switch must be given to the assembler. This 
can be done by placing the line: "$modI86" at the be- 
ginning of the assembly language file. 


This instruction allows immediate data to be pushed 
onto the processor stack. The data can be either an 
immediate byte or an immediate word. If the data is a 
byte, it will be sign extended to a word before it is 
pushed onto the stack (since all stack operations are 
word operations). 


These instructions 
allow all of the general purpose 
80186 registers to be saved on the stack, or restored 
from the stack. The registers saved by this instruction 
(in the order they are pushed onto the stack) are AX, 
CX, OX, BX, SP, BP, SI, and 01. The SP value pushed 
onto the stack is the value of the register before the first 
PUSH (AX) is performed; the value popped for the SP 
register is ignored. 


This instruction does not save any of the segment regis- 
ters (CS, DC, SS, ES), the instruction pointer (IP), the 
flag register, or any of the integrated peripheral regis- 
ters. 


This instruction allows a value to be multiplied by an 
immediate value. The result of this operation is 16 bits 
long. One operand for this instruction is obtained using 
one of the 80186 addressing modes (meaning it can be 
in a register or in memory). The immediate value can 
be either a byte or a word, but will be sign extended if it 
is a byte. The l6-bit result of the multiplication can be 
placed in any of the 80186 general purpose or pointer 
registers. 


This instruction requires three operands: the register in 
which the result is to be placed, the immediate value, 


and the second operand. Again, this second operand 
can be any of the 80186 general purpose registers or a 
specified memory location. 


SHIFTS/ROTATES 
BY AN IMMEDIATE 


VALUE 


The 80186 can perform multiple bit shifts or rotates 
where the number of bits to be shifted is specified by an 
immediate value. This is different from the 8086, where 
only a single bit shift can be performed, or a multiple 
shift can be performed where the number of bits to be 
shifted is specified in the CL register. 


All of the shift/rotate 
instructions of the 80186 allow 


the number of bits shifted to be specified by an immedi- 
ate value. Like all multiple bit shift operations per- 
formed by the 80186, the number of bits shifted is the 
number of bits specified modulus 32 (i.e., the maximum 
number of bits shifted by the 80186 multiple bit shifts is 
31). 


These instructions require two operands: the operand 
to be shifted (which may be a register or a memory 
location specified by any of the 80186 addressing 
modes) and the number of bits to be shifted. 


The 80186 adds two new input/output 
instructions: 


INS and OUTS. These instructions perform block input 
or output 
operations. They operate similarly to the 


string move instructions of the processor. 


The INS instruction performs block input from an I/O 
port to memory. The I/O address is specified by the 
OX register; the memory location is pointed to by the 
01 register. After the operation is performed, the 01 
register is adjusted by I (if a byte input is specified) or 
by 2 (if a word input is specified). The adjustment is 
either an increment or a decrement, as determined by 
the Direction bit in the flag register of the processor. 
The ES segment register is used for memory address- 
ing, and cannot be overridden. When preceded by a 
REPeat prefix, this instruction allows blocks of data to 
be moved from an I/O address to a block of memory. 
Note that the I/O address in the OX register is not 
modified by this operation. 


The OUTS instruction 
performs block output 
from 


memory to an 110 port. The I/O address is specified by 
the DX register; the memory location is pointed to by 
the SI register. After the operation is performed, the SI 
register is adjusted by I (if a byte output is specified) or 
by 2 (if a word output is specified). The adjustment is 
either an increment or a decrement, as determined by 
the Direction bit in the flag register of the processor. 
The DS segment register is used for memory address- 
ing, but can be overridden by using a segment override 
prefix. When preceded by a REPeat prefix, this instruc- 
tion allows blocks of data to be moved from a block of 
memory to an I/O address. Again note that the I/O 
address in the DX register is not modified by this oper- 
ation. 


Like the string move instruction, these two instructions 
require two operands to specify whether word or byte 
operations are to take place. Additionally, this determi- 
nation can be supplied by the mnemonic itself by add- 
ing a "B" or "W" to the basic mnemonic, for example: 


The 80186 supplies a BOUND instruction to facilitate 
bound checking of arrays. In this instwction, the calcu- 
lated index into the array is placed in one of the general 


purpose registers of the 80186. Located in two adjacent 
word memory 
locations 
are the 
lower and 
upper 


bounds for the array index. The BOUND instruction 
compares the register contents to the memory loca- 
tions, and if the value in the register is not between the 
values in the memory locations, an interrupt type 5 is 
generated. The comparisons performed are SIGNED 
comparisons. A register value equal to either the upper 
bound or the lower bound will not cause an interrupt. 


This instruction requires two arguments: the register in 
which the calculated array index is placed, and the 
word memory location which contains the lower bound 
of the array (which can be specified by any of the 80186 
memory addressing modes). The memory location con- 
taining the upper bound of the array must follow imme- 
diately 
the memory 
location 
containing 
the lower 


bound of the array. 


The 80186 contains two instructions which are used to 
build and tear down stack frames of higher level, block 
structured 
languages. The instruction 
used to build 


these stack frames is the ENTER instruction. The algo- 
rithm for this instruction is: 


,'save the previous 
frame 
pointer" 
if level=O then 


BP:=SP; 
else 
templ:=Sp;,'save current frame 
pointer 
" 


temp2:= level - 1; 
do while temp2>O,'copy down previous 
level 
frame', 
BP:= BP - 2; 
"pointers" 


PUSH [BP]; 
BP:=templ; 
PUSH BP; 
I*put current level 
frame. 


pointer" 


"in 
the save area', 
SP:=SP - disp; 
"create 
space on the 
stack 
for', 


Figure H-I shows the layout of the stack before and 
after this operation. 


This instruction requires two operands: the first value 
(disp) specifies the number of bytes the local variables 
of this routine require. This is an unsigned value and 
can be as large as 65535. The second value (level) is an 
unsigned value which specifies the level of the proce- 
dure. It can be as great as 255. 


The 80186 includes the LEAVE instruction 
to tear 


down stack frames built up by the ENTER instruction. 


? 
t 
BEFORE 
BP---l 


As can be seen from the layout of the stack left by the 
ENTER instruction, this involves only moving the con- 
tents of the BP register to the SP register, and popping 
the old BP value from the stack. 


Neither the ENTER nor the LEAVE instructions save 
any of the 80186 general purpose registers. If they must 
be saved, this must be done in addition to the ENTER 
and the LEAVE. In addition, the LEAVE instruction 
does not perform a return from a subroutine. If this is 
desired, the LEAVE instruction must be explicitly fol- 
lowed by the RET instruction. 


OlDBP 


OlD FRAME 


PTRS. 


CURRENT FRAME 
PTR 


LOCAL 


VARIABlE 
AREA 


APPENDIX 
I 
80186/80188 
DIFFERENCES 


The 80188 is exactly like the 80186, except it has an 8 
bit external bus. It shares the same execution unit, tim- 
ers, peripheral control block, interrupt controller, chip 
select, and DMA logic. The differences between the 
two caused by the narrower data bus are: 


• The 80188 has a 4 byte prefetch queue, rather than 


the 6 byte prefetch queue present on the 80186. The 
reason for this is since the 80188 fetches opcodes 
one byte at a time, the number of bus cycles re- 
quired to fill the smaller queue of the 80188 is actu- 
ally greater than the number of bus cycles required 
to fill the queue of the 80186. As a result, a smaller 
queue is required to prevent an inordinate number 
of bus cycles being wasted by prefetching opcodes to 
be discarded during a jump. 


• AD8-AD15 
on the 80186 are transformed to A8- 


A15 on the 80188. Valid address information 
is 


present on these lines throughout 
the bus cycle of 


the 80188. Valid address information is not guaran- 
teed on these lines during idle T states. 


• BHE/S7 
is always defined HIGH 
by the 80188, 


since the upper half of the data bus is non-existent. 


• The DMA controller of the 80188 only performs 


byte transfers. The BIW 
bit in the DMA control 


word is ignored. 


• Execution times for many memory access instruc- 


tions are increased because the memory access must 
be funnelled through 
a narrower 
data bus. The 


80188 also will be more bus limited than the 80186 
(that is, the execution unit will be required to wait 
for the opcode information to be fetched more often) 
because the data bus is narrower. The execution 
time within the processor, however, has not changed 
between the 80186 and 80188. 


Another important point is that the 80188 internally is 
a 16-bit machine. This means that any access to the 
integrated peripheral registers of the 80188 will be done 
in 16-bit chunks, not in 8-bit chunks. All internal pe- 
ripheral registers are still 16-bits wide, and only a single 
read or write is required to access the registers. When a 
word access is made to the internal registers, the BID 
will run two bus cycles externally. 


Access to the control block may also be done with byte 
operations. Internally the full 16-bits of the AX register 
will be written, while externally, only one bus cycle will 
be executed. 


APPENDIX 
J 


80186/80C186 
DIFFERENCES 


There are two operating modes of the 8OCl86 and 
8OC188: Compatible Mode and Enhanced Mode. In 
Compatible Mode, the 80CI86 will function identically 
to the 80186 with the following noted exceptions: 
I) All non-initialized registers in the peripheral control 


block will reset to a random value on power-up on 
the 8OC186.Non-Initialized registers consist of those 
registers which are not used for control, i.e., address 
pointers, max count, etc. For compatibility, all regis- 
ters should be programmed before being used on ex- 
isting 80186 applications as well as on new 8OCl86 
applications. 
2) The ET (EsclTrap) bit in the relocation register has 
no effect in Compatible Mode. If an escape opcode is 
executed, the 80CI86 will always trap to an inter- 
rupt vector type 7. The 80CI86 does not support any 
numerics operations when in Compatible Mode. 


In Enhanced Mode, the 8OCl86 provides additional 
features not found on the 80186. There are newly de- 
fined registers to support these new features, and three 
of the output pins of the 80CI86 change functionality. 
The new registers and pin descriptions are covered in 
Section 9.0. 


The 8OCl88 in Enhanced Mode functions similarly to 
the 80CI86 except for numerics operation. It is not pos- 
sible to interface a numerics ~ocessor 
with the 


8OC188.Therefore, none of the MCS pins change func- 
tionality 
when 
invoking 
Enchanced 
Mode 
on the 


8OC188.Further, any attempted execution of an escape 
opcode will result in a trap to interrupt vector type 7. 


APPENDIX 
K 
DRAM ADDRESSING 
CONFIGURATIONS 
FOR THE 80C186/80C188 


Row Address 
Column Address 
(AO-AX) 
(AO-AX) 


64K x 1 
(128K Bytes) 
A1-A8 
A9-A16 
16K x4 
(32K Bytes) 
A1-A8 
A9-A14 
256K x 1 
(512K Bytes) 
A1-A9 
A1D-A18 
64K x 4 
(128K Bytes) 
A1-A8 
A9-A16 
1M x 1 
(2M Bytes) 
A1-A1D 
A11-A19 
(+ Bank) 
256Kx4 
(512K Bytes) 
A1-A9 
A1D-A18 


NOTE: 
Address bit AD can be used in either RAS or CAS addresses, so long 
as it is not included in any refresh address bits. 


Row Address 
Column Address 
(AO-AX) 
(AO-AX) 


64K x 1 
(64K Bytes) 
A1-A?, 
AD 
A8-A15 
16K x 4 
(16K Bytes) 
A1-A?,AD 
A8-A13 
256Kx 
1 
(256K Bytes) 
A1-A8, 
AD 
A9-A1? 
64Kx4 
(64K Bytes) 
A1-A8 
AD, A9-A15 
1M x 1 
(1M Bytes) 
A1-A9, 
AD 
A1D-A19 
256K x4 
(256K Bytes) 
A1-A9 
AD, A1D-A1? 


RAM Type 
RASAdd 
CAS Add 
Refresh 
Add 


64Kx 
1 
AD-A? 
AD-A? 
AD-AS 
16K x 4 
AD-A? 
AD-A5 
AD-AS 
256K x 1 
AD-A8 
AD-A8 
AD-A? 
64K x 4 
AD-A? 
AD-A? 
AD-A? 
1M x 1 
AD-A9 
AD-A9 
AD-A8 
256K x4 
AD-AS 
AD-A8 
AD-AS 


inter 
APPLICATION 
NOTE 


AP-258 


High Speed Numerics with the 
80186/80188 
and 8087 


STEVE 
FARRER 
APPLICATIONS 
ENGINEER 


From their introduction in 1982, the highly integrated 
16-bit 80186 and its 8-bit external bus version, the 
80188, have been ideal processor choices for high-per- 
formance, 10w-costembedded control applications. The 
integrated 
peripheral 
functions 
and enhanced 
8086 


CPU of the 80186 and 80188 allow for an easy upgrade 
of older generation 
control 
applications 
to achieve 


higher performance while lowering the overall system 
cost through reduced board space, and a simplified pro- 
duction flow. 


More and more controller applications need even high- 
er performance in numerics, yet still require the low- 
cost and small form factor of the 80186 and 80188. The 
8087 Numerics Data Coprocessor satisfies this need as 
an optional add-on component. 


The 8087 Numeric Data Coprocessor is interfaced to 
the 80I86 and 80I88 through the 82188 IBC (Integrat- 
ed Bus Controller). The IBC provides a highly integrat- 
ed interface solution which replaces the 8288 used in 
8086- 8087 systems. The IBC incorporates all the nec- 
essary bus control for the 8087 while also providing the 
necessary logic to support the interface between the 
80186/8 and the 8087. 


This application note discusses the design considera- 
tions associated with using the 8087 Numeric Data Co- 
processor with the 80186 and 80188. Sections two, 


three, and four contain an overview of the integrated 
circuits involved in the numerics configuration. Section 
five discusses 
the 
interfacing 
aspects 
between 
the 


80186/8 and the 8087, including the role of the 82188 
Integrated Bus Controller and the operation of the inte- 
grated peripherals on the 80I86/8 with the 8087. Sec- 
tion six compares the advantages of using an 8087 Nu- 
meric Data Coprocessor over software routines written 
for the host processor as well as the advantage of using 
an 80186/8 numerics system over an 8086/8088 nu- 
merics system. 


Except where noted, all future references to the 80186 
will apply equally to the 80J88. 


The 80186 and 80188 are highly integrated microproc- 
essors which effectively combine up to 20 of the most 
common system components onto a single chip. The 
80186 and 80188 processors are designed to provide 
both higher performance and a more highly integated 
solution to the total system. 


Higher integration results from integrating system pe- 
ripherals onto the microprocessor. The peripherals con- 
sist of a clock generator, an interrupt 
controller, 
a 


DMA controller, a counter/timer 
unit, a programma- 


ble wait state generator, programmable 
chip selects, 


and a bus controller. (See Figure 1.) 
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Higher performance results from enhancements to both 
general and specific areas of the 8086 CPU, including 
faster effective address calculation, improvement in the 
execution speed of many instructions, and the inclusion 
of new instructions which are designed to produce opti- 
mum 80186 code. 


The 80186 and 80188 are completely object code com- 
patible with the 8086 and 8088. They have the same 
basic register set, memory organization, and addressing 
modes. The differences between the 80186 and 80188 
are the same as the differences between the 8086 and 
8088: the 80186 has a 16-bit architecture and 16-bit bus 
interface; the 80188 has a 16-bit internal architecture 
and an 8-bit data bus interface. The instruction execu- 
tion times of the two processors differ accordingly: for 
each non-immediate 16-bit data read/write instruction, 
4 additional clock cycles are required by the 80188. 


3.1 The Benefits of Numeric 


Coprocessing 


The 8086/8 and 80186/8 are general purpose micro- 
processors, designed for a very wide range of applica- 
tions. Typically, these applications need fast, efficient 
data movement and general purpose control instruc- 
tions. Arithmetic on data values tends to be simple in 
these applications. The 8086/8 and 80186/8 fulml these 
needs in a low cost, effective manner. 


However, some applications require extremely fast and 
complex math functions which are not provided by a 
general purpose processor. Such functions as square 
root, sine, cosine, and logarithms are not directly avail- 
able in a general purpose processor. Software routines 
required to implement these functions tend to be slow 
and not very accurate. Integer data types and their 
arithmetic operations (i.e., add, subtract, multiply and 
divide) which are directly available on general purpose 
processors, still may not meet the needs for accuracy, 
speed and ease of use. 


Providing fast, accurate, complex math can be quite 
complicated, requiring large areas of silicon on inte- 
grated circuits. A general data processor does not pro- 
vide these features due to the extra cost burden that less 
complex general applications must take on. For such 
features, a special numeric data processor is required - 
one which is easy to use and has a high level of support 
in hardware and software. 


The 8087 is a numeric data coprocessor which is capa- 
ble of performing 
complex mathematical 
functions 
while the host processor (i.e. the main CPU) performs 


more general tasks. It supports the necessary data types 
and operations and allows use of all the current hard- 
ware and software support for the 8086/8 and 80186/8 
microprocessors. The fact that the 8087 is a coproces- 
sor means it is capable of operating in parallel with the 
host CPU, which greatly improves the processing pow- 
er of the system. 


The 8087 can increase the performance of floating- 
point calculations by SO to 100 times, providing the 
performance and precision required for small business 
and graphics applications as well as scientific data pro- 
cessing. 


The 8087 numeric coprocessor adds 68 floating-point 
instructions and eight 80-bit floating-point registers to 
the basic 8086 programming architecture. All the nu- 
meric instructions and data types of the 8087 are used 
by the programmer in the same manner as the general 
data types and instructions of the host. 


The numeric data formats and arithmetic operations 
provided by the 8087 support the proposed IEEE Mi- 
croprocessor Floating Point Standard. All of the pro- 
posed IEEE floating point standard algorithms, excep- 
tion detection, exception handling, infinity arithmetic 
and rounding controls are implemented. The IEEE 
standard makes it easier to use floating point and helps 
to avoid common problems that are inherent to floating 
point. 


The coprocessing capabilities of the 8087 are achieved 
by monitoring the local bus of the host processor. Cer- 
tain instructions within the 8086 assembly language 
known as ESCAPE instructions are defined to be co- 
processor instructions and, as such, are treated differ- 
ently. 


The coprocessor monitors program execution of the 
host processor to detect the occurrence of an ESCAPE 
instruction. The fetching of instructions is monitored 
via the data bus and bus cycle status S2-S0, while the 
execution of instructions is monitored via the queue 
status lines QSOand QSI. 


All ESCAPE instructions start with the high-order S- 
bits of the instruction opcode being 11011. They have 
two basic forms, the memory reference form and the 
non-memory reference form. The non-memory form, 
shown in Figure 2A, initiates some activity in the co- 
processor using the nine available bits of the ESCAPE 
instruction to indicate which function to perform. 


Memory reference forms of the ESCAPE instruction, 
shown in Figure 2B, allow the host to point out a mem- 
ory operand to the coprocessor using any host memory 
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addressing mode. Six bits are available in the memory 
reference form to identify what to do with the memory 
operand. 


Memory reference forms of ESCAPE instructions are 
identified by bits 7 and 6 of the byte following the ES- 
CAPE opcode. These two bits are the MOD field of the 
8086/8 or 80186/8 effective address calculation byte. 
Together with the RIM field (bits 2 through 0), they 
determine the addressing mode and how many subse- 
quent bytes remain in the instruction. 


3.4 
Host Response to Escape 
Instructions 


The host performs one of two possible actions when 
encountering an ESCAPE instruction: do nothing (op- 
eration is internal to 8087) or calculate an effective ad- 
dress and read a word value beginning at that address 
(required for all LOADS and STORES). The host ig- 
nores the value of the word read and hence the cycle is 
referred to as a "Dummy Read Cycle." ESCAPE in- 
structions do not change any registers in the host other 
than advancing the IP. If there is no coprocessor or the 
coprocessor ignores the ESCAPE instruction, the ES- 
CAPE instruction is effectively a NOP to the host. Oth- 
er than calculating a memory address and reading a 
word of memory, the host makes no other assumptions 
regarding coprocessor activity. 


The memory reference ESCAPE instructions have two 
purposes: to identify a memory operand and, for certain 
instructions, to transfer a word from memory to the 
coprocessor. 


MOO 


10101 


3.5 Coprocessor 
Response to Escape 


Instructions 


The 8087 performs basically three types of functions 
when encountering 
an ESCAPE instruction: 
LOAD 


(read from memory), STORE (write to memory), and 
EXECUTE 
(perform one of the internal 8087 math 


functions). 


When the host executes a memory reference ESCAPE 
instruction intended to cause a read operation by the 
8087, the host always reads the low-order word of any 
8087 memory operand. The 8087 will save the address 
and data read. To read any subsequent words of the 
operand, the 8087 must become a local bus master. 


When the 8087 has the local bus, it increments the 20- 
bit physical address it saved to address the remaining 
words of the operand. 


When the ESCAPE instruction is intended to cause a 
write operation by the 8087, the 8087 will save the ad- 
dress but ignore the data read. Eventually, it will get 
control of the local bus and perform successive writes 
incrementing the 20-bit address after each word until 
the entire numeric variable has been written. 


ESCAPE instructions intended to cause the execution 
of a coprocessor calculation do not require any bus ac- 
tivity. Numeric calculations work off of an internal reg- 
ister stack which has been initialized using a LOAD 
operation. The calculation takes place using one or two 
of the stack positions specified by the ESCAPE instruc- 
tion. The result of the operation is also placed in one of 
the stack positions specified by the ESCAPE instruc- 
tion. The result may then be returned to memory using 
a STORE instruction, thus allowing the host processor 
to access it. 
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4.0 
OVERVIEW 
OF THE 82188 
INTEGRATED 
BUS CONTROLLER 


The 82188 Integrated Bus Controller (IBe) is a highly 
integrated version of the 8288 Bus Controller. The IBC 
provides command and control timing signals for bus 
control and all of the necessary logic to interface the 
80186 to the 8087. 


The bus command and control signals consist of RD, 
WR, DEN, DTIR, and ALE. The timings and levels 
are driven following the latching of valid signals on the 
status lines 80-82. When 80-82 change state from pas- 
sive to active, the IBC begins cycling through a state 
machine which drives the corresponding control and 
command lines for the bus cycle. As with the 8288, an 
address enable input (AEN) is present to allow tri-stat- 


ing when other bus masters supply their own bus con- 
trol signals. 


The IBC also has the ability to convert bus arbitration 
protocols ofRQ/GT 
to HOLD-HLDA. This allows the 


82586 Loca1 Area Network (LAN) Coprocessor, the 
82730 Text Coprocessor, and other coprocessors using 
the HOLD-HLDA 
protocol to be interfaced to the 


8086/8 as well as allowing the 80186/8 to be interfaced 
to the 8087. In addition to converting arbitration proto- 
cols, the IBC makes it possible to arbitrate between two 
bus masters using HOLD-HLDA 
with a third using 


RQ/GT. 


In addition to all the bus control and arbitration fea- 
tures, the IBC provides logic to connect the queue 
status to the 8087, a chip-select for the 8087, and the 
necessary READY synchronization 
required between 


the 8087 and the 80186/8. 


5.0 
DESIGNING 
THE SYSTEM 


5.1 Circuit Schematics 
of the 80186/8-82888-8087 
System 


so 
51 
52 
ClK 
RESET 
ROY 
QSD 


QS1 


SYS 
SYS 
HOLD HloA 


HloA 
HOLD 


CSIH 


52 
51 
so 
ClK 
RESET 
SRO 


Figure 3. 80186/8-82188-8087 
Circuit Diagram 
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The 8087 tracks the instruction execution of the 80186 
by keeping an internal instruction queue which is iden- 
tical to the processor's instruction queue. Each time the 
processor performs an instruction fetch, the 8087 latch- 
es the instruction into its own queue in parallel with the 
processor. Each time the processor removes the first 
byte of an instruction from the queue, the 8087 removes 
the byte at the top of the 8087 queue and checks to see 
if the byte is an ESCAPE prefix. If it is, the 8087 de- 
codes the following bytes in parallel with the processor 
to determine which numeric instruction the bytes repre- 
sent. If the first byte of the instruction is not an ES- 
CAPE prefix, the 8087 discards it along with the subse- 
quent bytes of the non-numeric instruction as the 80186 
removes them from the queue for execution. 


The 8087 operates its internal instruction 
queue by 


monitoring the two queue status lines from the CPU. 
This status information is made available by the CPU 
by placing it into queue status mode. This requires 
strapping the RD pin on the 80186~round. 
When 


RD is tied to ground, ALE and WR become QSO 
(Queue Status #0) and QSl (Queue Status # 1) respec- 
tively. 


.5TCLCL- TCHQSV(186 max) 


.5(125 ns) - 
35 
~ TQIVCL(82188 min) 
~ 
15 ns 


TCLCL - TCLQOV(82188 max) 
(125 ns) - 
50 
~ TQVCL 
~ 
10 ns 


TCLQOV(82188 min) 
5 
~ TCLQX(8087 min) 
~ 5 ns 
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Queue Operation 
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No queue operation 
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First byte from queue 
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Each time the 80186 begins decoding a new instruction, 
the queue status lines indicate "first byte of instruction 
taken from the queue". This signals the 8087 to check 
for an ESCAPE prefix. As the remaining bytes of the 
instruction 
are removed, the queue status indicates 


"subsequent byte removed from queue". The 8087 uses 
this status 
to either continue 
decoding subsequent 


bytes, if the first byte was an ESCAPE prefIX, or to 
discard the subsequent bytes if the first byte was not an 
ESCAPE prefix. 


The QSO(ALE) and QSl(WR) pins of the 80186 are fed 
directly to the 82188 where they are latched and de- 
layed by one-half-clock. The delayed queue status from 
the 82188 is then presented directly to the 8087. 


The waveforms of the queue status signals are shown in 
Figure 4. The critical timings are the setup time into 
the 82188 from the 80186 and the setup and hold time 
into the 8087 from the 82188. The calculations for an 8 
MHz system are as follows: 
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When the 80186 is in Queue Status mode, another com- 
ponent must generate the ALE, RD, and WR signals. 
The 82188 provides these~igna1s by monitorin~ 
CPU bus cycle status (SO-S2). Also provided are DEN 
and DT;R which may be used for extra drive capability 
on the control bus. With the exception of ALE, all con- 
trol signals on the 82188 are almost identical to their 
corresponding 80186 control signals. This section dis- 
cusses the differences between the 80186 and the 82188 
control signals for the purpose of upgrading an 80186 
design to an 80186-8087 design. For original 80186- 
8087 designs, there is no need to compare control signal 
timings of the 82188 with the 80186. 


The ALE (Address Latch Enable) signal goes active 
one clock phase earlier on the 80186 than on the 82188. 
Timing ofthe ALE signal on the 82188 is closer to that 
of the 8086 and 8288 bus controller because the bus 
cycle status is used to generate the ALE pulse. ALE on 
the 80186 goes active before the bus cycle status lines 
are valid. 


The inactive edge of ALE occurs in the same clock 
phase for both the 80186 and the 82188. The setup and 
hold times of the 80186 address relative to the 82188 
ALE signal are shown in Figure 5 and are calculated 
for an 8 MHz system as follows: 


Setup Time 
. 


For 80186 = TAVCH(186 min) + TCHLL (82188 min) 
=10+0=lOns. 


NOTE: 


The hold time calculation is the same for both the 
80186 and 8087. 


These timings provide adequate setup and hold times 
for a 74LS373 address latch. 


ALE--I 
1---- 
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For 8087 
= O.? (TCLCL) - 
TCLAV(8087 max) + TCHLL (82188 min) 
= 0.5 (125) - 
55 + 0 = 7.5 


= 0.5 (TCLCL) - 
TCHLL (82188 max) + TCLAZ (186 min) 
= 0.5 (125) - 
30 + 10 = 42.5 ns. 
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TClRl 
= TClMl 
= TCVCTV = 10 to 70 ns 
TClRH 
= TClMH 
= 10 to 55 ns 
TCVCTX = 5 to 55 ns 


The read and write signals of the 82188 have identical 
timings to those of the 80186 with one exception: the 
82188 WR inactive edge may not go inactive quite as 
early as the 80186. This spec is, in fact, a tighter spec 
than the 80186 WR timing and should make designs 
easier. The timings for RD and WR are shown in Fig- 
ure 6 for both the 80186 and the 82188. 


The DEN signal on the 82188 is identical to the DEN 
signal on the 80186 but with a tighter timing specifica- 
tion. This makes designs easier with the 82188 and 
makes upgrades from 80186 bus control to 82188 bus 
control more straightforward. The timings for DEN on 
both the 80186 and 82188 are shown in Figure 7. 


TCVCTV = 10 to 70 - clock edge to DEN active/inactive 
TCVDEX = 
10 to 70 - falling edge of T4 to DEN inactive 
TCHDNV = 
10 to 55 - rising edge of clock to DEN active 
TCHDNX = 10 to 55 - clock edge to DEN inactive 


The operation of the DT/R signal varies somewhat be- 
tween the 80186 and the 82188. The 80186 DT/R sig- 
nal will remain in an active high state for all write cy- 
cles and will default to a high state when the ~stem 
bus 


is idle (i.e., no bus activity). The 80186 DTIR goes low 
only for read cycles and does so only for the duration of 
the bus cycle. At the end of the read cycle, assuming 
the following cycle is a non-read, the DT/R signal will 
default back to a high state. Back-to-back read cycles 
will result in the DT/R signal remaining low until the 
end of the last read cycle. 


The DT/R signal on the 82188 operates differently by 
making transitions only at the start of a bus cycle. The 
82188 DT/R signal has no default state and therefore 
will remain in whichever state the previous bus cycle 
required. The 82188 DT/R 
signal will only change 


states when the current bus cycle requires a state differ- 
ent from the previous bus cycle. 
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82188 DT/~-------- 
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Figure 8. Data Transmit 
& Receive 
Timings 


With high integration processors like the 80186 and 
80188, the chip-select decoder is integrated onto the 
processor 
chip. The integrated 
chip-selects on the 


80186 enable direct processor connection to the chip- 
enable pins on many memory devices, thus eliminating 
an external decoder. But because the integrated chip-se- 
lects decode the 80186's internal bus, an external bus 
master, such as the 8087, is unable to activate them. 
The 82188 IBC solves this problem by supplying a 
chip-select mechanism which may be activated by both 
the host processor and a second processor. 


Chip-select circuitry is typically accomplished by using 
a discrete decoder to decode two or more of the upper 
address lines. When a valid address appears on the ad- 
dress bus, the decoder generates a valid chip-select. 
With this method, any bus master capable of placing an 
address on the system bus is able to generate a chip-se- 
lect. An example of this is shown in Figure 9 where an 
8086/8087 system uses a common decoder on the ad- 
dress bus. Note the decoder is able to operate regardless 
of which processor is in control of the bus. 


The CSI (chip select in) and CSO (chip select out) pins 
of the 82188 provide a way for a second bus master to 
select memory while also making use of the 80186 inte- 
grated chip-selects. The CSI pin of the 82188 connects 
directly to one of the 80186's chip-selects while CSO 
connects to the memory device designated for the chip- 
selects range. An example of this is shown in Figure 10. 


When the 80186 has control of the bus, the circuit acts 
just as a buffer and the memory device gets selected as 
if the circuit had not been there. Whenever CSI goes 
active, CSO goes active. When a second bus master, 
such as the 8087, takes control of the bus, CSO goes 
active and remains active until the 8087 passes control 
back to the processor. At this time CSO is deactivated. 


A functional block diagram of the CSI-CSO circuit is 
shown in Figure 11. A grant pulse on the RQ/GTO line 
gives 
control 
to 
the 
8087 
and 
also 
causes 
the 


8087CONTROL 
signal to go active, which in turn 


causes CSO to go active. The 8087CONTROL signal 
~ 
inactive when either a release is received on 


RQ/GTO, indicating that the 8087 is relinquishing con- 
trol to the main processor, or a grant is received on the 
RQ/GTl 
line, indicating that the 8087 is relinquishing 


control to a third processor. Both actions signify that 
the 8087 is relinquishing the bus. If CSO goes inactive 
because a third processor took control of the bus, then 
CSO will go active again for the 8087 when a release 
pulse is transmitted on the RQ/GTl 
line to the 8087. 


This release pulse occurs as a result of SYSHLDA go- 
ing inactive from the third processor. 


To provide the 8087 access to data in low memory 
through an integrated chip-select, the LCS pin should 
be disconnected from the bank that it is currently se- 
lecting and fed directly into the 82188 CSI. The CSI 
~ut 
should be connected .!Q...!hebanks which the 


LCS formerly selected. The LCS will still select the 
same banks because CSO goes active whenever CSI 
goes active. But now the 8087, when taking control of 
the bus, may also select these banks. 


Care must be taken in locating the 8087 data area be- 
cause it must reside in the area in which the chip-select 
is defmed. If the 808~nerates 
an address outside of 


the LCS range, the CSO will still go active, but the 
address will erroneously select a part of the lower bank. 
Note also that this chip-select limits the size of the 8087 
data area to the maximum size memory which can be 
selected with one chip-select. However, this does not 
place a limit on instruction code size or non-8087 data 
size. All 80186 and 8087 instructions are fetched by the 
processor and therefore do not require that the 8087 be 
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able to address them. Likewise, non-8087 data is never 
accessed by the 8087 and therefore does not require an 
8087 chip-select. 


The 8087 must accurately track every instruction fetch 
the 80186 performs so that each op-code may be read 
from the system bus by the 8087 in parallel with the 
processor. This means that for instruction code areas, 
the 80186 cannot use internally generated wait states. 
All ready logic for these areas must be generated exter- 
nally and sent into the 82188. The 82188 then presents 
a synchronous 
ready out (SRO) signal to both the 


80186 and the 8087. 


5.5.1 INTERNAL 
WAIT 
STATES 
WITH 


INSTRUCTION 
FETCHES 


If internal wait states are used by the processor with the 
8087 at zero wait states, then the 8087 will latch op- 
codes using a four clock bus cycle while the processor is 
using between five and seven clocks on each bus cycle. 
If the wait states are truly necessary to latch valid data 
from memory, then a four clock bus cycle will force the 
8087 to latch invalid data. The invalid data may then be 
possibly interpreted to be an ESCAPE prefix when, in 
reality, it is not. The reverse may also hold true in that 
the 8087 may not recognize an ESCAPE prefix when it 
is fetched. These conditions could cause a system to 
hang (i.e., cease to operate), or operate with erroneous 
results. 


If the memory is fast enough to allow latching of valid 
data within a four clock bus cycle, then the 80186 inter- 
nal wait states will not cause the system to hang. Both 
processors will receive valid data during their respec- 
tive bus cycles. The 8087 will finish its bus cycle earlier 
than the processor, but this is of no consequence to 
system operation. The 8087 will synchronize with the 
processor using the status lines SO-S2 at the start of the 
next instruction fetch. 


5.5.2 INTERNAL 
WAIT 
STATES 
WITH 
DATA 
& 


1/0 
CYCLES 


With the exception of "Dummy Read Cycles" and in- 
struction fetches, all memory and I/O bus cycles exe- 
cuted by the host processor are ignored by the 8087. 
Coprocessor synchronization 
is not required for un- 


tracked bus cycles and, therefore, internally generated 
wait states do not affect system operation. All of the 
I/O space and any part of memory used strictly for 
data may use the internal wait state generator on the 
80186. 


Memory used for 8087 data is somewhat different. 
Here, as in the case of code segment areas, the system 
must rely on an external ready signal or else the memo- 
ry must be fast enough to support zero wait state opera- 
tion. Without an external ready signal, the 8087 will 
always perform a four clock bus cycle which, when 
used with slow memories, results in the latching of in- 
valid data. 


Internal wait states will not affect system operation for 
data cycles performed by the 8087. In this case the 8087 
has control of the bus and the two processors operate 
independently. 


One type of data cycle has not yet been considered. 
Each time a numerics variable is accessed, the host 
processor runs a "Dummy Read Cycle" in order to 
calculate the operand address for the 8087. The 8087 
latches the address and then takes control of the bus to 
fetch any subsequent bytes which are necessary. If the 
8087 variables are located at even addresses, then an 
internally generated wait state will not present any 
problems to the system. If any numeric variables are 
located at odd addresses, then the interface between the 
host and coprocessor becomes asynchronous 
causing 


erroneous results. 


The erroneous results are due to the 80186 running two 
back-to-back bus cycles with wait states while the 8087 
runs two back-to-back bus cycles without wait states. 
The start of the second bus cycle is completely uncoor- 
dinated between the two processors and the 8087 is un- 
able to latch the correct address for subsequent trans- 
fers. For this reason, 8087 variables in a 80186 system 
must always lie on even boundaries when using the in- 
ternal wait state generator to access them. 


Numeric variables in an 80188 system must never be in 
a section of memory which uses the internal wait state 
generator. The 80188 will always perform consecutive 
bus cycles which would be equivalent to the 80186 per- 
forming an odd addressed "Dummy Read Cycle." 


The 80186 automatically inserts three wait states to the 
predefined upper memory chip select range upon power 
up and reset. This enables designers to use slow memo- 
ries for system boot ROM if so desired. If slow ROM's 
are chosen, then no further programming is necessary. 
If fast ROM's are chosen, then the wait state logic may 
simply be reprogrammed to the appropriate number of 
wait states. 


The automatic wait states have the possibility of pre- 
senting the same problem as described in section 5.5.1 if 
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the boot ROM needs one or more wait states. Under 
these conditions the 8087 would be forced to latch in- 
valid opcodes and possibly mistake one for an ESCAPE 
instruction. 


If the boot ROM requires wait states, then some sort of 
external ready logic is necessary. This allows both proc- 
essors to run with the same number of wait states and 
insures that they always receive valid data. 


If the boot ROM does not require wait states, then 
there is no need to design external ready logic for the 
upper chip select region. But if 8087 code is present in 
the upper memory chip select region, the situation de- 
scribed in section 3.4 regarding "Dummy Read Cycles" 
must be considered. 


The 82188 solves this problem by inserting three wait 
states on the SRO line to the 8087 for the first 256 bus 
cycles. By doing this the 82188 inserts the same number 
of wait states to both processors keeping them synchro- 
nized. The initialization code for the 80186 must pro- 
gram the upper memory chip select to look at external 
ready and to insert zero wait states within these first 
256 bus cycles. At the end of the 256 bus cycles, the 
82188 stops inserting wait states and both processors 
run at zero wait states. 


The 80186 and 8087 sample READY on different clock 
edges. This implies that some sort of external synchro- 
nization is required to insure that both processors sam- 
ple the same ready state. Without the synchronization, 
it would be possible for the external signal to change 
I 


state between samples. The 80186 may sample ready 
high while the 8087 samples ready low. This would lead 
to the two processors running different length bus cy- 
cles and possibly cause the system to hang. 


The 82188 provides ready synchronization through the 
ARDY and SRDY inputs. Once a valid transition is 
recorded, the 82188 presents the results on the SRO 
output and holds the output in that state until both 
processors have had a chance to sample the signal. 


In order for the 8087 to read and write numeric data to 
and from memory, it must have a means of taking con- 
trol of the local bus. With the 8086/88 this is accom- 
plished through a request-grant exchange protocol. The 
80186, however, makes use of HOLD/HOLD 
AC- 


KNOWLEDGE 
protocol to exchange control of the 


bus with another processor. The 82188 supplies the 
necessary conversion to interface RQ/GT 
to HOLD/ 


HLDA signals. The RQ/GT~al 
of the 8087 con- 


nects directly to the 82188's RQ/GTO input while the 
82188's HOLD and HLDA pins connect to the 80186's 
HOLD and HLDA pins. 


When the 8087 requires control of the bus, the 8087 
sends a request on the RQ/GTO line to the 82188. The 
82188 responds by sending a HOLD request to the 
80186. When HLDA is received back from the 80186, 
the 82188 sends a grant back to the 8087 on the same 
RQ/GTO line. 


The 82188 also has provisions for adding a third bus- 
master to the system which uses HOLD/HLDA 
pro- 


tocol. 
This 
is accomplished 
by ~inLthe 
82188 


SYSHOLD, 
SYSHLDA, 
and 
RQ/GTI 
signals. 


The third processor requests the bus by pulling the 
SYSHOLD line high. The 82188 will route (and trans- 
late if necessary) the requests to the current bus master. 
If the 8087 has control, the 82188 will request control 
via the ~/GTI 
line which should be connected to the 


808Ts RQ/GTI 
line. 


The 8087 will relinquish control by~tt~ 
off the bus 


and sending a grant pulse on the RQ/GTI 
line. The 


82188 responds by sending a SYSHLDA to the third 
processor. The third processor lowers SYSHOLD when 
it has finished on the bus. The 82188 routes this in the 
form of a release pulse on the RQ/GTI 
line to the 


8087. The 8087 then continues bus activity where it left 
off. 
The 
maximum 
latency 
from 
SYSHOLD 
to 


SYSHLDA is equal to the 80186 latency + 8087 laten- 
cy + 82188 latency. 


One of the most important timing specs associated with 
the 80186-8087 interface is the speed at which the sys- 
tem should run. The 8087 was designed to operate with 
a 33% duty cycle clock whereas the 80186 and 80188 
were designed to operate with a 50% duty cycle clock. 
In order to run both parts off the same clock, the 8087 
must run at a slower speed than is typically implied by 


• its dash number in the 8086/88 family. 
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To determine the speed at which an 8087 may run 
(with a 50% duty cycle clock), the minimum low and 
high times of the 8087 must be examined. The maxi- 
mum of these two minimum specs becomes the half-pe- 
riod of the 50% duty cycle system clock. For example, 
the 8087-1 provides worst case spec compatibility with 
the 80186 at system clock-speeds of up to 8 MHz. The 
clock waveforms are shown in Figure 12 using 10 MHz 
timings. 


The minimum clock low time spec (TCLCW of the 10 
MHz 8087 is 53 ns. The clock low time of an 8 MHz 
80186 is specified to be: 


Solving for TCLCL of the 80186 using TCLCH of the 
8087 yields the following: 


%(TCLCLl 
- 
7.5 = TCLCH 


The calculation 
shows minimum 
cycle time of the 


80186 to be 121 ns. This time translates into a maxi- 
mum frequency of 8.26 MHz. 


The following benchmarks compare the overall system 
performance of an 8086, 80188, and an 80186 in nu- 
meric applications. 
Results are shown for all three 


processors in systems with the 8087 coprocessor and 
in systems using an 8087 software emulator. Three 
FORTRAN 
benchmark 
programs are used to dem- 


10MHz 


8087 
SPECS 


33% pUTY CYCLE 
CLOCK 


TCLCH 


MIN. LOW TIME 
8MHz 


80186 
SPECS 


50% DUTY CYCLE 


CLOCK 


onstrate the large increase in floating-point math per- 
formance provided by the 8087 and also the increase in 
performance due to the enhanced 80186 and 80188 host 
processors. 


The 8086 results were measured on an Intellec@ Series 
III 
Microcomputer 
Development 
System 
with 
an 


iSBC@ 86/12 board and an iSBC 337 multimodule. 
Typically, one wait state for memory read cycles and 
two wait states for memory write cycles are experienced 
in this environment. 


The 80186 and 80188 results were measured on a proto- 
type board which allowed zero wait state operation at 
8 MHz. The benchmarks 
measured using the 8087 
showed little sensitivity to wait states. Instructions exe- 
cuted on the 8087 tend to be long in comparison to the 
amount of bus activity required and, therefore, are not 
affected much by wait states. 


The benchmarks measured using the software emulator 
are much more bus intensive and average from 10 to 15 
percent performance degradation for one wait state. 


All execution times shown here represent 8 MHz oper- 
ation. The 8086 results were measured at 5 MHz and 
extrapolated to achieve 8 MHz execution times. 


Routines were written in FORTRAN-86 
to calculate 


the final value of a fund given the annual interest and 
the present value. It is assumed that the interest will be 
compounded daily, which requires the calculation of 
the yearly effective rate. This value, which is the equiv- 
alent annual interest if the interest were compounded 
daily, is determined by the following formula: 
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where: 
yer is the yearly effective rate 
ir is the annual interest rate 
np is the number of compounding periods per 
annum 


Once the yer is determined, the final value of the fund 
is determined by the formula: 


tv = (1 +yer) • pv 


where: 
pv is the present value 
fv is the future value 


Results are obtained using single-precision, double-pre- 
cision, and temporary real precision operands when: 


ir is set to 10% (0.1) 
np is set to 365 (for daily compounding) 
pv is set to $2,000,000 


yer 
Final Value 


Single-Precision 
10.514% 
$2,210,287.50 


(32-bit) 
Double-Precision 
10.516% 
$2,210,311.57 


(64-bit) 
Temporary Real 
10.516% 
$2,210,311.57 


Precision 


The difference between the fmal single-precision and 
double-precision values is $24.07; the difference in the 
final value between the double-precision and the tempo- 
rary real precision is 0.ססOO62cents. Since the 8087 
performs all internal calculations on 80-bit floating 
point numbers (temp real format), temporary real pre- 
cision operations perform faster than single- or double- 
precision. No data conversions are required when load- 
ing or storing temporary real values in the 8087. Thus, 
for business applications, the double-precision comput- 
ing of the 8087 is essential for accurate results, and the 
performance advantage of using the 8087 turns out to 
be as much as 100 times the equivalent software emula- 
tion program. 


6.3 
Matrix Multiply Benchmark 
Routine 


A routine was written in FORTRAN-86 
to compute 


the product of two matrices using a simple row/column 
inner-product method. Execution times were obtained 
for the multiplication of 32X32 matrices using double 
precision. The results of the benchmark are shown in 
Figure 14. 


The results show the 8087 coprocessor systems per- 
forming from 23 to 31 times faster than the equivalent 
software emulation program. Both the 80188/87 and 
the 80186/87 systems outperform the 8086/87 system 
by 34 to 75 percent. This difference is mainly attributed 
to the fact that the matrix program largely consists of 
effective address calculations used in array accessing. 
The hardware effective address calculator of the 80186 
and 80188 allow each array access to improve by as 
much as three times the 8086 effective address calcula- 
tion. 


The Whetstone benchmark program was developed by 
Harry Curnow for the Central Computer Agency of the 
British government. This benchmark has received high 
visibility in the scientific community as a measurement 
of main frame computer performance. It is a "synthet- 
ic" program. That is, it does not solve a real problem, 
but rather contains a mix of FORTRAN 
statements 


which reflect the frequency of such statements as mea- 
sured in over 900 actual programs. The program com- 
putes a performance metric: "thousands of Whetstone 
instructions per second (KIPS)." 


Simple variable and array addressing, fixed- and float- 
ing- point arithmetic, subroutine calls and parameter 
passing, and standard mathematical functions are per- 
formed in eleven separate modules or loops of a pre- 
scribed number of iterations. 


8087 Software 
Emulator 
8087 Coprocessor 


80188 
8086 
80186 
80188 
8086 
80186 
Single Precision 
70.3 ms 
62.8 ms 
43.4 ms 
.70ms 
.66ms 
.61 ms 


Double Precision 
72.1 ms 
62.9 ms 
44.4 ms 
.71 ms 
.66ms 
.61 ms 
Temp Real Precision 
72.6 ms 
63.0 ms 
44.8 ms 
.69ms 
.65 ms 
.59 ms 
Average 
71.7 ms 
62.9 ms 
44.2 ms 
.70ms 
.66ms 
.60ms 
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The original coding of the Whetstone benchmark was 
written in Algol-60 and used single-precision values. It 
was rewritten in FORTRAN with single-precision val- 
ues to exactly reflect the original intent. Another ver- 
sion ~as created using double-precision values. The re- 
sults are shown in Table 3. 


The results show the 8087 systems with the 80186 and 
80188 outperforming the equivalent software emulation 
by 60 to 83 times. Additionally, the 80186 coupled with 
the 8087 outperformed the 8086/87 system by 22 per- 
cent. 
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Figure 13. Interest 
Rate Benchmark 
Results 
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Figure 14. Double Precision 
Matrix Multiplication 
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Units = KIPS 
8087 Software 
Emulator 
8087 Coprocessor 


80188 
8086 
80186 
80188 
8086 
80186 


Single 
2 
2.3 
3.3 
165.8 
178.0 
197.6 
Precision 


Double 
2 
2.2 
3.2 
151.7 
152.0 
185.2 
Precision 


These benchmarks show that the 8087 Numeric Data 
Coprocessor, coupled with either the 80186 or the 
80188, can increase the performance of a numeric ap- 
plication by 75 to 100 times the equivalent software 
emulation program. 


Applications which require array accessing with effec- 
tive address calculations will benefit even more by us- 
ing the 80188 and 80186 as the host processor as com- 
pared to the 8086. The results of the matrix multiplica- 
tion show both the 80188 and 80186 outperforming the 
8086 by 34 and 75%, respectively, in an 8087 system. 
In general, an 80186/8087 system will offer a 10% to a 
75% improvement over an equivalent 8086/8087 sys- 
tem, depending on the instruction mix. 


For controller applications which require high perform- 
ance in numerics and low system cost, the 16-bit 80186 
or 8-bit 80188 coupled with the 8087 offers an ideal 
solution. The integrated 
features of the 80186 and 


80188 offer a low system cost through reduced board 
space and a simplified production flow while the 8087 
fulfills the performance requirements of numeric appli- 
cations. 


The 82188 IBC provides a straightforward, highly inte- 
grated solution to interfacing the 80188 or 80186 to the 
8087. The bus control timings of the 82188 are compat- 
ible with the 80186 and 80188, allowing easy upgrades 
from existing designs. The 82188 features present a 
highly integrated solution to both new and old designs. 


The coprocessing capabilities of the 8087 bring per- 
formance improvements of 75 to 100 times the equiva- 
lent 80186 or 80188 software emulation program and 
an 80186/8087 system will offer a 10% to a 75% im- 
provement over an equivalent 8086/8087 system de- 
pending on the instruction mix. 


In addition a growing base of high-level language sup- 
port (FORTRAN, 
Pascal, C, Basic, PL/M, etc.) from 


Intel and numerous third-party software vendors facili- 
tates the timely and efficient generation of application 
software. 


82188 Data Sheet #231051 
80186 Data Sheet #210451 
80188 Data Sheet #210706 
iAPX 86/88 80186/188 Users Manual 
Programmers Reference # 210911 
Hardware Reference #210912 
AP-I13 "Getting Started with the 
Numeric Data Processor #207865 
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Systems which require I/O processing and serial data 
transmission are very software intensive. The commu- 
nication task and I/O operations consume a lot of the 
system's intelligence and software. In many conven- 
tional systems the central processing unit carries the 
burden of all the communication and I/O operations in 
addition to its main routines, resulting in a slow and 
inefficient system. 


In an ideal system, tasks are divided among processors 
to increase performance and achieve flexibility. One at- 
tractive solution is the combination of the Intel highly 
integrated 80186 microprocessor and the Intel 8-bit mi- 
crocontrollers 
such as the 8OC51, 8052, or 8044. In 


such a system, the 80186 provides the processing power 
and the 1 Mbyte memory addressability, while the con- 
troller provides the intelligence for the I/O operations 
and data communication tasks. The 80186 runs appli- 
cation programs, performs the high level communica- 
tion tasks, and provides the human interface. The mi- 
crocontroller performs 8-bit math and single bit boole- 
an operations, the low level communication tasks, and 
I/O processing. 


PCSO 


peS1 


oROO 


INTO 


RESET 


This application note describes an efficient method of 
interfacing the 16-bit 80186 high integration 
micro- 
processor to the 8OC51, 8052, or the microcontroller- 
based 8044 serial communication controller. The inter- 
face hardware shown in Figure 1.1, is very simple and 
may be implemented with a programmable logic device 
or a gate-array. The 80186 and the microcontroller may 
run asynchronously and at different speeds. With this 
technique data transfers up to 200 Kbytes per second 
can be achieved between a 12 MHz microcontroller and 
an 8 MHz 80186. 


The 8-bit 80188 high integration microprocessor can 
also be used with the same interface technique. The 
performance of the interface is the same since an 8-bit 
bus is used. 


Interface to the 8044, 8OC51,and the 8052 is identical 
because they have identical pinouts (some pins have 
alternate functions). As an example, the software pro- 
cedures for the 8044/80186 interface, which is the 
building block for the application driver, is supplied in 
this Application Note. 
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Figure 1.1. 80186/Mlcrocontroller 
Based System 
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The 80186 and the microcontrollers 
are processors. 
They each access memory and have address/data, 
read, 
and write signals. There are three common ways to in- 
terface multiple processors together: 
1) First In First Out (FIFO) 
2) Dual Port RAM (DPRAM) 
3) Slave Port 


The FIFO interface, compared to DPRAM, 
requires 


less TTL and is easier to interface; however, FIFOs are 
expensive. The DPRAM interface is also expensive and 
even more complex. When DPRAM is used, the ad- 
dress/data 
lines of each processor must be buffered, 


and hardware 
logic is needed to arbitrate access to 


DPRAM. The slave port interface given here is cheaper 
and easier than both FIFO and DPRAM alternatives. 


The 80186 processor, when interfaced to this circuit, 
views the microcontroller as a peripheral chip with 8- 
bit data bus and no address lines (see Figure 1.1). It can 
read status and send commands to the microcontroller 
at any time. The microcontroller becomes a slave co- 
processor while keeping its processing power and serial 
communication capabilities. 


The microcontrollers, 
with the interface hardware, 


have a high level command interface like many other 
data 
communication 
peripherals. 
For 
example, the 


80186 can send the microcontroller commands such as 
Transmit or Configure. This means the designer does 
not have to write low level software to perform these 
tasks, and it offioads the 80186 to serve other functions 
in the application. 


The combination of the 80186 and a microcontroller 
basically provides all the functions that are needed in a 
system: a 16-bit CPU, 8-bit CPU, DMA controller, I/O 
ports, and a serial port. The 8OC51and the 8052 have 
an on-chip asynchronous channel, while the 8044 has 
an intelligent SDLC serial channel. In addition, many 
other functions such as timers, counters, and interrupt 
controllers are integrated in both the 80186 and the 
microcontrollers. 


Applications of the system described above are in the 
area of robotics, data communication networks, or seri- 
al communication 
backplanes. A typical example is 


copiers. Different segments of the copy machine like 
the motor, paper feed, diagnostics, and error/warning 
displays are all controlled by microcontrollers. 
Each 


segment receives orders from and replies to the central 
processor which consists of the 80186 interfaced with a 
microcontroller. 


Another common application is in the area of process 
controllers. An example is a central control unit for a 
multiple story building which controls the heating, 
cooling, and lighting of each room in each floor. In 
each room a microcontroller performs the above func- 
tions based on the orders received from the central 
processor. Depending on the throughput 
and type of 


the serial communication 
required, the 8044 or the 


8OC51(8052) may be selected for the application. 


2.0 
OVERVIEW 
OF THE 80186, 


80C51, 8052, AND 8044 


This section briefly discusses the features of the micro- 
controllers and the 80186. For more information about 
these products please refer to the Intel Microcontroller 
and Microsystem components hand-books. Readers fa- 
miliar with the above products may skip this section. 


The 80186 contains an enhanced version ofIntel's 
pop- 


ular 8086 CPU integrated with many other features 
common to most systems (Figure 2.1). The 16-bit CPU 
can access up to I Mbyte of memory and execute in- 
structions faster than the 8086. With speed selection of 
8, 10, and 12.5 MHz, this highly integrated product is 
the most popular 16-bit microprocessor for embedded 
control applications. 


The on-chip DMA controller has two channels which 
can each be shared by multiple devices. Each channel is 
capable of transferring data up to 3.12 Mbytes per sec- 
ond (12.5 MHz speed). It offers the choice of byte or 
word transfer. It can be programmed 
to perform a 


burst transfer of a block of data, transfer data per speci- 
fied time interval, or transfer data per external request. 


The on-chip interrupt controller responds to both ex- 
ternal interrupts and interrupts requested by the on- 
chip peripherals such as the timers and the DMA chan- 
nels. It can be configured to generate interrupt vector 
addresses internally like the microcontrollers or exter- 
nally like the popular 8259 interrupt controller. It can 
be configured to be a slave controller to an external 
interrupt controller (iRMX 86 mode) or be master for 
one or two 8259s which in turn may be masters for up 
to 8 more 8259s. When configured in master mode, 
each channel can support up to 64 external interrupts 
(128 total). 


Three 16-bit timers are also integrated on the chip. 
Timer 0 and timer 1 can be configured to be 16-bit 
counters and count external events. If configured as 
timers, they can be started by software or by an exter- 
nal event. Timer 0 and 1 each contain a timer output 
pin. Transitions on these pins occur when the timers 
reach one of the two possible maximum counts. Timer 
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2 can be used as a prescaler for timer 0 and I or can be 
used to generate DMA requests to the on-chip DMA 
channel. 


Finally, the integrated clock generator, the wait state 
generator, and the chip select logic reduce the external 
logic necessary to build a processing system. 


The 8OC51BH,as shown in Figure 2.2, consists of an 8- 
bit CPU which can access up to 64 Kbytes of data 
memory (RAM) and 64 Kbytes of program memory 
(ROM). In addition, 4 Kbytes of ROM and 128 bytes 
of RAM are built onto the chip. 


The on-chip interrupt 
controller supports five inter- 


rupts with two priority levels. There are two timers 
integrated in the 80C51. Timer 0 and I can be config- 
ured as 8-bit or 16-bit timers or event counters. 


Finally the integrated full duplex asynchronous serial 
channel provides the human interface or communica- 


16-BIT 
CPU 


INTERRUPT 
CONTROLLER 
BUS 
CONTROLLER 


tion capability with other microcontrollers. The UART 
supports data rates up to 500 kHz (with 15 MHz crys- 
tal) and can distinguish between address bytes and data 
bytes. 


The 8052 has the same features as the 8OC51except it 
has 8 Kbytes of on-chip ROM and 256 bytes of on-chip 
RAM. In addition the 8052 has another timer which 
may be configured as the baud rate generator for the 
serial port. 


The 8044 has all the features of the 8OC51.In addition 
the on-chip RAM size is increased to 192 bytes and an 
intelligent HDLC/SDLC 
serial channel (SIU) replaces 


the 8OC51serial port (see Figure 2.3). It supports data 
rates up to 2.4 Mbps when an external clock is used and 
375 Kbps when the clock is extracted from the data 
line. The serial port can be used in half duplex point to 
point, multipoint, or one-way loop configurations. 
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Figure 2.3. 8044 Block Diagram 
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Figure 2.5. The 8044 Frame Formats 


The SIU is called an intelligent channel because it re- 
sponds to some SDLC commands automatically with- 
out the CPU intervention when it is set in auto mode. 
These automatic 
responses substantially 
reduce the 


communication 
software. Figure 2.4 gives the com- 


mands and the automatic responses. 


The 8044 supports many types of frames including the 
standard SDLC format. Figure 2.5 shows the types of 
frames the 8044 can transmit and receive. If a format 
with an address byte is chosen, the 8044 performs ad- 
dress filtering during reception and transmits the con- 
tents of the station address register during transmission 
automatically. If a format with FCS bytes is chosen, the 
8044 performs Cyclic Redundancy Check (CRC) dur- 
ing reception and calculates the FCS bytes during 
transmission of a frame in hardware. Two preamble 
bytes (PFS) may optionally be added to the frames. 
Formats that include the station address and the con- 
trol byte are supported both in the auto and flexible 
modes. 


3.0 80186/MICROCONTROLLER 


INTERACTION 


The 
80186 communicates 
with the microcontroller 


(8044, 8OC51 or 8052) through the system's memory 
and the CommandlData 
and Status registers. The CPU 


creates a data structure in the memory, programs the 
DMA controller with the start address and byte count 
of the block, and issues a command to the microcon- 
troller. A hypothetical block diagram of a microcon- 
troller when used with the interface hardware is given 
in Figure 3.1. 


Chip select and interrupt lines are used to communicate 
between the microcontroller and the host. The inter- 


rupt is used by the microcontroller to draw the 80186's 
attention. The Chip Select is used by the 80186 to draw 
the microcontroller's attention to a new command. 


There are two kinds of transfers over the bus: Com- 
mand/Status 
and 
data 
transfers. 
Command/Status 


transfers are always performed 
by the CPU. 
Data 


transfers are requested by the microcontroller and are 
typically performed by the DMA controller. 


The CPU writes commands using CS and WR signals 
and interrupts the microcontroller. The microcontroller 
reads the command, decodes it and performs the neces- 
sary actions. The CPU reads the status register using 
CS and RD signals (see Figure 4.1). 


To initiate a commnad like TRANSMIT or CONFIG- 
URE, a write operation to the microcontroller is issued 
by the CPU. A read operation from the CPU gives the 
status of the microcontroller. Section 5 discusses details 
on these commands and the status. 


Any parameters or data associated with the command 
are transferred between the system memory and the 
microcontroller 
using DMA. 
The 80186 prepares a 


data block in memory. Its first byte specifies the length 
of the rest of the block. The rest of the block is the 
information field. The CPU programs the DMA con- 
troller with the start address of the block, length of the 
block and other control information and then issues the 
command to the microcontroJler. 


When the microcontroller requires access to the memo- 
ry for parameter or data transfer, it activates the 80186 
DMA request line and uses the DMA controller to 
achieve the data transfer. Upon completion of an opera- 
tion, the microcontroller 
interrupts 
the 80186. The 


CPU then reads results of the operation and status of 
the microcontroller. 


inter 


STATUS 


REGISTER 


DATA 


REGISTER 


80C51 


OR 


8052 


OR 
80« 


There are two kinds of transfers over the bus: com- 
mand/status and data transfers. The command/status 
transfers are always initiated and performed by the 
80186. The data transfers are requested by the micro- 
controller using the DMA request (DRQ) line. In rela- 
tively slow systems the 80186 might also perform the 
data transfers. In that case, the request from the micro- 
controller will serve as an interrupt to the CPU. This 
mode of operation depends on the serial data rate. 


The system interface performs command/status trans- 
fers, data/parameter transfers, and interrupts. This sec- 
tion describes the interface between the 80186 and a 
microcontroller shown in Figure I.I. Section 6 de- 
scribes the interface hardware. 


The 80186controls the microcontroller by writing into 
the command/data register and reading from the status 
register. The CPU writes a command by activating the 
chip select (PCSO),putting the command onto the data 
bus, and activating the WR signal. The command byte 
is latched into the command/data register, and the mi- 
crocontroller is interrupted. In the interrupt service 
routine, the microcontroller reads the command byte 
from the command/data 
register, decodes the com- 
mand byte, and activates the DRQ for data or parame- 


ter transfer if the decoded command requires such 
transfer. 


At the end of parameter transfer the microcontroller 
updates the status register and interrupts the 80186. 


Data/parameter transfers are controlled by a pair of 
REQUEST/ACKNOWLEDGE 
lines: DMA Request 


line (DRQ) and DMA Acknowledge line (DACK). 
Data and parameters are transferred via the Com- 
mandlData register to or from memory. 


In order to request a transfer from memory, the micro- 
controller activates the DRQ pin. The DRQ signal goes 
active after a read operation by the microcontroller. In 
response, the 80186 DMA controller performs a byte 
transfer from the memory to the Command/Data regis- 
ter. Data is transferred on the bus and written into the 
CommandlData 
register on the rising edge of the 


80186 WR signal (MWR), which is activated by the 
DMA controller. Figure 4.2 shows the write timing. 


In order to request a transfer to memory, the microcon- 
troller activates the DRQ signal and outputs the data 
into the CommandlData 
latch. When the microcon- 


troller WR signal goes active, DRQ is set. In response, 
the DMA performs the data transfer and resets the 
DRQ signal. Figure 4.3 shows the read timing. 


inter 


the 
INTERRUPT 
ACKNOWLEDGE 
bit 
is 
set 


(MD7). The INT A bit is the most significant bit of the 
command byte. Figure 4.4 and 4.5 show the interrupt 
timing. Note that it is the responsibility of the CPU to 
clear the interrupt in order to prevent a deadlock. 


The microcontroller reports on completion of an event 
by updating the status register and raising the interrupt 
signal assuming this signal is initially low. The inter- 
rupt is cleared by the command from the CPU where 


80186 Pin Name 
Function 


CS 
RD 
WR 


1 
X 
X 
No Transfer 
to/from 
Command/Status 
0 
1 
1 


0 
0 
0 
Illegal 


0 
0 
1 
Read from Status Register 


0 
1 
0 
Write to Command/Data 
Register 


DACK 
RD 
WR 


1 
X 
X 
No Transfer 


0 
1 
1 


0 
0 
0 
Illegal 


.. 


0 
0 
1 
Data Read from DMA Channel 


0 
1 
0 
Data Write to DMA Channel 


NOTE: 
Onlyone of CS, DACK may be active at any time. 
Figure 4.1. Data Bus Control 
Signals and Their Functions 
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This section specifies the format of the commands and 
status. The commands and status given here are similar 
to most common coprocessors and data communication 
peripherals (e.g., the 82588 and 82586). The user may 
add more commands or redefine the formats for his! 
her own specific application. 


A command is given to the microcontroller by writing 
it into the CommandlData 
register and interrupting 


the microcontroller. The command can be issued at any 
time; but in case it is not accepted, the operation is 
treated like a NOP and will be ignored (although the 
INT will be updated). 


Format: 


7654 
3210 
I 
INTA 
~ 
O_P_E_R_A_T_IO_N 
__ 


The INTA bit, if set, causes the interrupt 
hardware 


signal and the interrupt bit to be cleared. This is the 
5-106 


only way to clear the interrupt bit and reset the 80186 
interrupt signal other than by a hardware reset. 


The OPERATION 
field initiates a specific operation. 


The microcontroller executes the following commands 
in software: 


NOP 
ABORT 
TRANSMIT" 
CONFIGURE" 
DUMP" 
RECEIVE" 
TRA-DISABLE 
REC-DISABLE 
"Requires DMA operation. 


The above operations except ABORT are executed only 
when the microcontroller 
is not executing any other 


operation. Abort is accepted only when the CPU is per- 
forming a DMA operation. 


Operations that require parameter transfer (e.g., CON- 
FIGURE and DUMP) or data transfer (e.g., TRANS- 
MIT and RECEIVE) are called parametric operations. 
The remaining are called non-parametric operations. 


An operation is initiated by writing into the command 
register. This causes the microcontroller to execute the 
command decode instructions. Some of the operations 
cause the microcontroller 
to read parameters 
from 


memory. The parameters are organized in a block that 
starts with an 8-bit byte count. The byte count specifies 
the length of the rest of the block. Before beginning the 
operation, the DMA pointer of the DMA channel must 
point to the byte count. There is no restriction on the 
memory structure of the parameter block as long as the 
microcontroller receives the next byte of the block for 
every DMA request it generates. Transferring the bytes 
is the job of the 80186 DMA controller. 


The microcontroller requests the byte-count and deter- 
mines the length of the parameter block. It then re- 
quests the parameters. 


Upon completion of the operation, (when interrupt is 
low) the microcontroller updates the status, raises the 
interrupt signal, and goes idle. 


This operation does not affect the microcontroller. It 
has no parameters and no results. 


This operation attempts to abort the completion of an 
operation under execution. It is valid for CONFIG- 
URE, TRANSMIT, 
DUMP, and RECEIVE. It is ig- 
nored for any of the above if transfer of parameters has 
already been accomplished. The microcontroller, upon 
reception of the ABORT command, stops the DMA 
operation and issues an Execution-Aborted interrupt. 


This operation transmits one message. A message may 
be transmitted as an SDLC frame by the 8044, or in 
ASYNC protocol by the 80C51 or the 8052 serial port. 


Figure 5.1 shows the format of the Transmit block. A 
typical transmit operation parameter block includes the 
destination address and the control byte in the informa- 
tion field. As an example, see the 8044 transmit block 
in Figure 7.2. 


BYTE COUNT 


FIRST INFO BYTE 


-:7 


LAST INFO BYTE 


The transmit operation will either complete the execu- 
tion or be aborted by a specific ABORT operation. A 
Transmit-Done 
or Execution-Aborted 
interrupt 
is is- 


sued upon completion of this operation. 


This operation configures the microcontroller's internal 
registers. The length and the part of the configuration 
block that is modified are determined by the first two 
bytes of the command parameter (see Figure 5.2). The 
FIRST BYTE specifies the first register in the config- 
ure block that 
will be configured, 
and the BYTE 


COUNT specifies the number of registers that will be 
configured starting with the FIRST BYTE. For exam- 
ple, if the FIRST BYTE is 1 and the BYTE COUNT is 
the length of the configure block, then all of the regis- 
ters are updated. 
If FIRST BYTE is 4 and BYTE 


COUNT is 2, then only the fourth register in the con- 
figure block is updated. Minimum byte count is 2. 


7 
6 
5 
4 
3 
2 
1 
0 


BYTE COUNT 


FIRST BYTE 


FIRST REGISTER 
. 


. 


LAST REGISTER 


A Configure-Done interrupt is issued when the opera- 
tion is done unless ABORT was issued during the 
DMA operation. 


This operation causes dumping of a set of microcontrol- 
1er internal registers to system memory. Figure 7.4 
shows the format of the 8044 DUMP block. 


The DUMP operation will either complete the execu- 
tion or be aborted by a specific ABORT operation. A 
Dump-Done or Execution-Aborted interrupt is issued 
upon completion of this operation. 


This operation enables the reception of frames. It is 
ignored if the microcontroller's serial channel is already 
in reception mode. 


The serial port receives only frames that pass the ad- 
dress filtering. The microcontroller 
transfers the re- 


ceived information and the byte count to the system 
memory using DMA. The completion of frame recep- 
tion causes a Receive-Done event. 


This operation causes reception to be dis::bled. If trans- 
fer of data to the 80186 memory has already begun, 
then it is treated like the ABORT command. This oper- 
ation has no parameters. REC-DISABLE 
is accepted 


only when the microcontroller's serial port is in receive 
mode. 


This operation causes the transmission process to be 
aborted. If the microcontroller 
is fetching data from 


80186 memory, then it is treated like the ABORT com- 
mand. This operation has no parameters. It is accepted 
only when the serial port is in transmit mode. 


Parametric 
and 
non-parametric 
commands 
except 


ABORT will be rejected (interrupt will not be set) if the 
microcontroller is already executing a command. 


ABORT is rejected if issued when the microcontroller 
is not requesting DMA operation, or a non-Parametric 
execution is performed, or transfer of parameters/data 
has already been accomplished. 


DMA operations shall not be aborted by any non-para- 
metric or parametric command except by the ABORT 
command. 


REC-DISABLE 
and TRA-DISABLE 
will not be ac- 


cepted if the serial channel is idle. 


The microcontroller provides the information about the 
last operation that was executed, via the status register. 


The microcontroller reports on these events by updat- 
ing a status register and raising the INTERRUPT 
sig- 


nal. Information from the status register is valid pro- 
vided the interrupt signal is high or bit 0 of the status 
being read is set. 


Format: 


7 
6 


~ 
ATS' 


'8044 
only 


5 
4 
3 
2 
1 
0 


0~E_V_E_N_T~~ 


The interrupt bit is set together with the hardware in- 
terrupt signal. Setting the INT bit indicates the occur- 
rence of an event. This bit is cleared by any command 
whose INT A bit is set. Status is valid only when this bit 
is set. 


The DMA bit, when set, indicates that a DMA opera- 
tion is in progress. This bit is set if the commnad re- 
ceived by the microcontroller requires data or parame- 
ter transfer. If this bit is clear, DRQ will be inactive. 
The DMA bit, when cleared, indicates the completion 
of a DMA operation. 


The E bit, if set, indicates that the event generated for 
the operation that was completed contains a warning, 
or the operation was not accepted. 


The RTS bit, if clear, indicates that the serial channel is 
requesting a transmission. 


The CTS bit indicates that, if the RTS bit is clear, the 
serial port is active and transmitting a frame. 


The event field specifies why the microcontroller needs 
the attention of the 80186. 


CONFIGURE-DONE 
TRANSMIT-DONE 
DUMP-DONE 
RECEIVE-DONE 
RECEPTION-DISABLED 
TRANSMISSION-DISABLED 
EXECUTION-ABORTED 


This event indicates the completion of a CONFIGURE 
operation. 


This event indicates the completion of the TRANSMIT 
operation. 


If the E bit is set, it indicates that the transmit buffer 
was already full. 


This event indicates that the DUMP operation is com- 
pleted. 


This event indicates that a frame has been received and 
stored in memory. 


The format of the received message is indicated in Fig- 
ure 5.3. 


LAST INFO BYTE 


RECEIVED 
BYTE COUNT 


Figure 5.3. Format of Receive 
Block 


Following the byte count, a few more bytes relating to 
the received frame such as the source address and the 
control byte may be transferred to the system memory 
using DMA. As an example, see the 8044 receive block 
in Figure 7.3. 


Note that the format of a frame received by the micro- 
controller serial channel is configured by the CONFIG- 
URE command. 


This event is issued as a result of a RCV-DISABLE 
operation that causes part of a frame to be disabled. 


If the E bit is set, the serial port was already disabled, 
and the RCV-DISABLE is not accepted. 


This event is issued as a result of a TRA-DISABLE 
operation that causes transmission of a frame to be dis- 
abled. 


The E bit, if set, indicates that the TRA-DISABLE 
operation was not accepted since the serial port was 
already idle, or transmission of a frame has already 
been accomplished. 


This event indicates that the execution of the last opera- 
tion was aborted by the ABORT command. 


If the E bit is set, ABORT was issued when the micro- 
controller was not executing any commands. 


The interface hardware shown in Figures 6.1 and 6.2 
are identical. The difference is the status register. In 
Figure 6.2, an external latch is used to latch the status 
byte. This hardware is recommended if an extra I/O 
port on the microcontroller is required for some other 
applications, or external program and data memory is 
required for the microcontroller. The hardware shown 
in Figure 6.1 makes use of one of the microcontroller's 
I/O ports (port I) to latch the status to minimize hard- 
ware. The discussion of Sections 1 through 5 apply to 
both schematics. 


After an 80186 hardware reset, the microcontroller is 
also reset. The on-chip registers are initialized as ex- 
plained in the Intel Microcontroller Handbook. The re- 
set signal also clears the 80186 interrupt and the micro- 
controller interrupt signals by resetting FF3 (Flip-Flop 
3) and FF2 (Flip-Flop 2). Figure 4.5 shows the RESET 
timing. 


A bidirectional latched transceiver (74ALS646) is used 
for the Command/Data 
register. 
When the 
80186 


writes a command to the CommandlData 
register, it 


interrupts the microcontroller. The interrupt is generat- 
ed only when bit 7 (INTA) of the command byte is set. 
When the 80186 PCSO and WR signals go active to 
write the command, FF2 will be set and FF3 will be 
cleared. The output 0(FF3 is the interrupt to the 80186 
and the INT status bit. The INT bit is cleared immedi- 
ately to indicate that the status is no longer valid. The 
output of FF2 is the interrupt to the microcontroller. A 
high to low transition on this line will interrupt 
the 


microcontroller. The interrupt signal will be cleared as 
soon as the microcontroller reads the command from 
the CommandlData 
register. 


In the interrupt service routine the command is decod- 
ed. If it requires a DMA transfer, the microcontroller 
sets the DMA bit of the status register which activates 
the DMA request signal. DRQ active causes the 80186 
on-chip DMA to perform a fetch and a deposit bus 
cycle. The first DMA cycle clears the DRQ signal (FFI 
is cleared). When the microcontroller performs a read 
or write operation, the output of the FFI will be set, 
and DRQ goes active again. 


The DMA 
controller 
transfers a byte from system 


memory 
to 
the 
Command/Data 
register. 
Data 
is 


latched when the 80186 PCSI and WR signals go ac- 
tive. PCSI and WR active also clear FFI. The micro- 
controller monitors the output of FFI by polling the 
P3.3 pin. When FFI 
is cleared the microcontroller 


reads the byte from the Command/Data 
register. The 


P3.3 pin is also the interrupt pin. If a slow rate of trans- 
fer is acceptable, every DMA transfer can be interrupt 
driven to allow the microcontroller to perform other 
tasks. 


The DMA controller transfers a byte from the Com- 
mand/Data 
register to system memory by activating 


the 80186 PCSI and RD signals. PCSI and RD active 
also clear FFI. When FFI is cleared the microcontrol- 
ler writes the next byte to the CommandlData 
register. 


When all the data is transferred, the microcontroller 
clears the DMA status bit to disable DRQ. It then up- 
dates the status, sets the INT bit, and interrupts the 
80186. 


If the interface hardware in Figure 6.1 is used PUis 
the DMA status bit and PI.O is the INT bit. The micro- 
controller enables or disables them by writing to port,1. 
In Figure 6.2, DRQ or INT is disabled or enabled by 
writing to the 74LS374 status register. Note that the 
INT status bit is cleared by the hardware when the 
80186 writes a command. 


The command is written and the status is read with the 
same chip select (PCSO), although the status is read 
through the 74LS245 transceiver and the command is 
written to the CommandlData 
register. 
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The microcontroller updates the status byte whenever a 
change occurs in the status and outputs the result to the 
status register. In order to read status, the 80186 acti- 
vates the PCSO line, and then activates the RD line. 
The contents of the status are put on the data bus, 
through the 74LS245 transceiver. 


For systems that require two DMA channels, a second 
pair of DRQIIDACK1 
signals may easily be added to 


the hardware. 
In that 
case one of the status bits 


(DMA2) ANDed with the output of FFI will serve as 
the second DMA request signal (DRQI). DACKI can 
be generated with the 80186 PCS2. 


This section shows how to make use of the status and 
commands described in section 5 and the hardware giv- 
en in Figure 6.1 to interface the 80186 with the 8044. 
The 8044 code to implement these functions is shown 
in Appendix A. 


This operation configures the 8044 registers. The for- 
mat of the configure block is shown in Figure 7.1. The 
part of the configuration block that is modified is deter- 
mined by the first two bytes of the command parame- 
ter. The FIRST BYTE specifies the first register in the 
configure block that will be configured, and the BYTE 
COUNT specifies the number of registers that will be 
configured starting with the FIRST BYTE. For exam- 
ple, if the FIRST BYTE is I and the BYTE COUNT is 
13, then all of the registers are updated. If FIRST 
BYTE is 4 and BYTE COUNT is 2, then transmit buff- 
er start register is configured. 


The configure command performs the following: I) 
configures the interrupts and assigns their priorities; 2) 
assigns the start address and length of the transmit and 
receive buffers; 3) sets the station address; 4) sets the 
clock option and the frame format. 


inter 


For other microcontrollers the format of the configure 
block should be modified accordingly. For example, the 
8OC51 serial port registers (e.g., T2CON, SCON) re- 
place the 8044 SIU registers in the configure block. 
7 
6 
543 
2 
1 
0 


BYTE COUNT 


FIRST BYTE 
\ 


STS 


SMD 


STATION 
ADDRESS 


TRANSMIT 
BUFFER START 


TRANSMIT 
BUFFER 
LENGTH 


RECEIVE BUFFER START 


RECEIVE BUFFER 
LENGTH 


INTERRUPT 
PRIORITY 


INTERRUPT 
ENABLE 


TIMER/COUNTER 
MODE 


TIMER/COUNTER 
MODE 


PROCESSOR 
STATUS WORD 


7.2 Transmitting 
a Message 


with the 8044 


A message is a block of data which represents a text file 
or a set of instructions for a remote node or an applica- 
tion program which resides on the 8044 program mem- 
ory. A message can be a frame (packet) by itself or can 
be comprised of multiple frames. An SDLC frame is 
the smallest block of data that the 8044 transmits. The 
8044 can receive commands from the 80186 to transmit 
and receive messages. The 8044 on-chip CPU can be 
programmed to divide messages into frames if neces- 
sary. Maximum frame size is limited by the transmit or 
receive buffer. 


To transmit a message, the 80186 prepares a transmit 
data block in memory as shown in Figure 7.2. Its first 
byte specifies the length of the rest of the block. The 
next two bytes specify the destination address of the 
node the message is being sent to and the control byte 
of the message. The 80186 programs the DMA control- 
ler with the start address of the block, length of the 
block and other control information and then issues the 
Transmit command to the 8044. 


Upon receiving the command, the 8044 fetches the first 
byte of the block using DMA to determine the length of 
the rest of the block. It then fetches the destination 
address and the control byte using DMA. 


The 8044 fetches the rest of the message into the on- 
chip transmit buffer. The size and location of the trans- 
mit buffer in the on-chip RAM is configured with the 
Configure command. The 8044 CPU then enables the 
Serial Interface Unit (SIU) to transmit the data as an 
SDLC frame. The SIU sends out the opening flag, the 
station address, the SDLC control byte, and the con- 
tents of transmit buffer. It then transmits the calculated 
CRC bytes and the closing flag. The 8044 CPU and the 
SIU operate concurrently. 
The CPU can fetch bytes 


from system memory or execute a command such as 
TRANSMIT-DISABLE 
while the SIU is active. 


Upon completion of transmission, the SIU updates the 
internal registers and interrupts 
the 8044 CPU. The 


8044 then updates the status and interrupts the 80186. 
Note that baud rate generation, 
zero bit insertion, 


NRZI encoding, and CRC calculation are automatical- 
ly done by the SIU. 


7.3 
Receiving a Message 
with the 8044 


To receive a message, the 80186 allocates a block of 
memory to store the message. It sets the DMA channel 
and sends the Receive command to the 8044. 


Upon reception of the command, the 8044 enables its 
serial channel. The 8044 receives and passes to memory 
all frames whose address matches the individual or 
broadcast address and passes the CRC test. 


The SIU performs NRZI decoding and zero bit dele- 
tion, then stores the information field of the received 
frame in the on-chip receive buffer. At the end of recep- 
tion, the CPU requests the transfer of data bytes to 
80186 memory using DMA. After transferring all the 
bytes, the 8044 transfers the data length, source ad- 
dress, and control byte of the received frame to the 
memory (see Figure 
7.3). Upon completion 
of the 


transfers, the 8044 updates the status register and raises 
the interrupt signal to inform the 80186. 


If the SIU is not ready when the first byte of the frame 
arrives, then the whole frame is ignored. Disabling re- 
ception after the first byte was passed to memory caus- 
es the rest of the frame to be ignored and an interrupt 
with Receive-Aborted'event to be issued, 
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Figure 7.2. The 8044 Transmit 
Frame Structure 


and Location 
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In System 
Memory 
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Figure 7.3. The 8044 Receive 
Frame Structure 
and Location 
of Received 
Data Element 
In 
System 
Memory 


Upon reception of the Dump command, the 8044 trans- 
fers the contents of its internal registers to the system 
memory (See Figure 7.4). 
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To abort a DMA operation, the 80186 sends an Abort 
command to the Command/Data 
latch and interrupts 


the 8044. During a DMA operation, the 8044 puts the 
external interrupt to high priority; therefore, the Abort 
interrupt will suspend the execution of the operation in 
progress and update the status register with the Execu- 
tion-Aborted event. It then returns the 8044 program 
counter to a location before the aborted operation start- 
ed. The Abort software procedure given in Appendix A 
gives the details of the execution of the ABORT com- 
mand. 


7.6 
Disabling the Transmission 
or 


Reception 


Transmission of a frame is aborted if the 80186 sends a 
TRANSMIT-DISABLE 
command to the 8044. The 


command causes the 8044 to clear the Transmit Buffer 


inter 


Full (TBF) bit. During transmission, if the TBF bit is 
cleared, the SIU will discontinue the transmission and 
interrupt the 8044 CPU. 


The RECEIVE-DISABLE 
command causes the 8044 


to clear the Receive ButTerEmpty (RBE) bit. The SIU 
aborts the reception, if the RBE bit is cleared by the 
CPU. 


When transmission or reception of a frame is discontin- 
ued, the SIU interrupts the 8044 CPU. The CPU then 
updates the status and interrupts the 80186. 


7.7 
Handling Interrupts 


When the 80186 sends a command, it sets the 8044 
external interrupt flag. The 8044 services the interrupt 
at its own convenience. In the interrupt service routine 
the 8044 executes the appropriate instructions for a giv- 
en command. During execution of a command the 8044 
ignores any command, except ABORT, sent by the 
80186 (see section 5.1.2). This is accomplished by clear- 
ing the interrupt flag before the 8044 returns from the 
interrupt service routine. During DMA operations the 
8044 sets the external interrupt to high priority. An 
interrupt with high priority can suspend execution of 
an interrupt 
service routine with low priority. The 


ABORT command given by the 80186 will interrupt 
the execution of the DMA transfer in progress. Upon 
completion of ABORT, execution of the last operation 
will not be resumed (see Appendix A). Note that any 
other command given during the DMA operation will 
also abort the operation in progress and should be 
avoided. 


To increase the number of information bytes in a frame, 
the 8044 can be operated in Expanded mode. In Ex- 
panded operation the system memory can be used as 
the transmit and receive butTer instead of the 8044 in- 
ternal RAM. AP-283, "Flexibility in Frame Size Oper- 
ation with the 8044", describes Expanded operation in 
detail. 


8.1 Transmitting 
a Message in 
Expanded 
Operation 


In Expanded operation the 8044 transmits the frame 
while it is fetching the data from the system memory 
using DMA. An internal transmit butTer is not neces- 
sary. The system memory can be used as the transmit 
butTer by the 8044. 


Upon receiving the Transmit command, the 8044 en- 
ables the SIU and fetches the first data byte from the 
CommandlData 
register. The SIU transmits the open- 


ing flag, station address, and the control byte if the 
frame format includes these fields. It then transmits the 


fetched data. The 8044 CPU fetches the next byte while 
the previously fetched byte is being transmitted by the 
SIU. The CPU 
fetches the remaining 
bytes using 


DMA, then the SIU transmits them simultaneously un- 
til the end of message is reached. The SIU then trans- 
mits the FCS bytes, the closing flag and interrupts the 
8044 CPU. The 8044 updates the status with the Trans- 
mit-Done event and interrupts the 80186. If the DMA 
does not keep up with transmission, the transmission is 
an underrun. 


8.2 
Receiving a Message in Expanded 
Operation 


In Expanded operation the DMA controller transfers 
data to the system memory while the 8044 SIU is re- 
ceiving them. 


To receive a message, the 80186 allocates a block of 
memory for storing the message. It sets the DMA chan- 
nel and sends the Receive command to the 8044. 


Upon reception of the command, the 8044 enables its 
serial channel and waits for a frame. The SIU performs 
flag detection, address filtering, zero bit deletion, NRZI 
decoding, and CRC checking as it does in Normal op- 
eration. 


After the SIU receives the first byte of the frame, the 
8044 CPU requests the transfer of the byte to memory 
using DMA. The 80186 DMA moves the information 
byte into the system memory while the SIU is receiving 
the next byte. The next byte is transferred to the memo- 
ry after the SIU receives it. When the entire frame is 
received, the SIU checks the received Frame Check Se- 
quence bytes. If there is no CRC error, the SIU updates 
the 8044 registers and interrupts the 8044 CPU. The 
CPU updates the status and interrupts the 80186. 


This application note describes an efficient way to in- 
terface the 80186 and the 80188 microprocessors to the 
Intel 8-bit microcontrollers like the 8OC51, 8052, and 
8044. To illustrate this point the 80186 microprocessor 
interface to the 8044 microcontroller based serial com- 
munication chip was described. The hardware interface 
given here is very general and can interface the 8-bit 
microcontrollers to a variety of Intel microprocessors 
and DMA controllers. The microcontrollers with this 
interface hardware have the same benefits as both the 
Intel UPI-41142 family and data communication pe- 
ripheral chips such as the 82588 and the 82568 LAN 
controllers. Like the Intel UPI chips, they can be easily 
interfaced to microprocessors, and like the data com- 
munication peripherals, they execute high level com- 
mands. A similar approach can be used to interface 
Intel microprocessors to the 16-bit 8096 microcontrol- 
ler. 


APPENDIX 
A 
SOFTWARE 


The software modules shown here implement the exe- 
cution of commands and status explained in sections 5 
and 7. The 80186 software provides procedures to send 
commands and read status. The 8044 software decodes 
and executes the commands, updates the status, and 
interrupts 
the 80186. The procedures given here are 


called by higher level software drivers. For example, an 
80186 application program may use the Transmit com- 
mand to send a block of data to an application program 
that resides in the 8044 ROM or in another remote 
node. The application programs and the drivers that 
perform the communication tasks run asynchronously 
since all communication tasks are interrupt-driven. 


Figure A-I shows how to assign the ports and control 
registers for an 80186-based system. The software is 
written for an Intel iSBC~ 186/51 computer board. 
The 8044 hardware is connected to the computer board 
iSBX"fMconnector. 


Figure A-2 shows the 80186 command procedures. 
These procedures are used by the data link driver. 


Figure A-3 shows how the DMA controller is loaded 
and initialized for data and parameter transfer from the 
80186 memory to the 8044. This procedure is used by 
the TRANSMIT and CONFIGURE 
commands. 


Figure A-4 shows how the DMA controller is loaded 
and initialized for data and parameter transfer from the 
8044 to the 80186 memory. This procedure is used by 
the RECEIVE and DUMP commands. 


Figure A-5 shows an interrupt service routine which 
handles interrupts resulting from various events. Note 
that this routine is not complete. The user should write 
the software to respond to events. 


Figure A-6 shows an example of the 80186 software. It 
shows how to start various operations. This is not a 
data link driver, but it gives the procedures needed to 
write a complete driver. 


Figure A-7 shows how to initialize the 8044. The user 
application program should be inserted here. 


Figures A-8 through A-13 show the 8044 external in- 
terrupt service routine. In this routine a command re- 
ceived from the 80186 is decoded, and one of the com- 
mand procedures shown in Figures A-9 through A-13 
is executed. 


Figure A-14 shows the serial channel (SID) interrupt 
service routine. Note that execution of TRANSMIT, 
RECEIVE, 
and TRANSMIT-DISABLE 
commands 


are completed in this routine. 


NAME COM_DRIVER 


/.. 
80186 
SOl"l'WARE FOR 'l'llE 
80186/MICROCONTROLLER 
IIlTERl'ACE 


/. 
8044 
BOARD CONNECTED TO 'l'llE 
SBXl 
OF 'l'llE 
SBC 
186/51 
BOARD. 


/. 
SBXl 
IIlTO 
TIED 
TO 80130 
IR[0-7]. 
CONNECT JUMPER 
30 
TO 46. 


/. 
80186 
DKA CHANNEL 1 USED. 
CONNECT JUMPER 
202 
TO 203. 


CKD 44 
ST 44 
DATA_44 


CON DONE 
TRA-DONE 
DUM-DONE 
REC-DONE 
REC-DISA 
TRA-DISA 
ABO:::DONE 
; 
COKKANDS 


ABO CKD 
EQU 
REC-DIS 
CKD 
EQU 


XKIT 
DIS 
CKD EQU 


REc 
eND 
- 
EQU 
TRA-CND 
EQU 
DUM-CND 
EQU 
CON-CND 
EQU 
NOP:::CKD 
EQU 


EQU 
080K 
EQU 
080H 
EQU 
OD4M 


ADDRESS 
OF 'l'llE 
COKKAND REGISTER 
ADDRESS 
OF 'l'llE 
STATUS 
REGISTER 
ADDRESS 
OF 'l'llE 
DATA REGISTER 


EQU 
OlK 
EQU 
02H 
EQU 
03H 
EQU 
04H 
EQU 
05H 
EQU 
06H 


EQU 
07H 
(INTA-l) 


CONFIGURE 
DONE 
TRANSMIT 
DoNR 
DUKP DONi 
RECEIVE 
DONE 
RECEPTION 
DISABLE 
TRANSMISSION 
DISABLE 
EXECUTION_ABORTED 


080K 
oalK 
082K 
D83H 
084H 
085K 
086H 
087H 


ABORT 
RECEIVE 
DISABLE 
TRANSMIT 
DISABLE 
RECEIVE 
TRANSMIT 
DUMP 
CONFIGURE 
NOP 


SL 
ORAl 
SK-DRAl 
DL-DRAl 
OK-ORAl 
CNT ORAl 
CTL:::DRAl 


EQU 
OFFDOH 
EQU 
OFFD2K 
EQU 
OFFD'H 
EQU 
OFFD6H 
EQU 
OFFD8K 


EQU 
OFFDAH 


SOURCE ADDRESS 
(LO WORD) 


SOURCE ADDRESS 
(HI 
WORD) 


DESTINATION 
ADDRESS 
(LO WORD) 
DESTINATION 
ADDRESS 
(KI 
WORD) 


TRANSFER 
COUNT ADDRESS 
CONTROL 
ADDRESS 


CTLO 
IIlTR 
CTL1-INTR 
RASK-IIlTR 
Eor 
INTR 
NSPEC_BIT 


EQU 
OFF38K 


EQU 
OFF3AH 
EQU 
OFF28K 


EQU 
OFF22H 
EQU 
08000H 


lIlT 
0 
CONTROL ADDRESS 
INT 
1 
CONTROL REGISTER 
lIlT 
RASK REGISTER 
INT EOl 
REGISTER 


NON-SPECIFIC 
EO! 


EOI 
SINTR 
EQU 
oEoH 


RASK_SINTR 
EQU 
OE2H 


RD IRR 
EQU 
OlOK 
RD:::ISR 
EQU 
ol1H 


ORG 
(IV_BASE+l) 
*4H 


LABEL 
DWORD 


DATA 
SEGHENT 


REC_BUFFER 
DB 


CON_BUFFER 
DB 


DUM_BUFFER 
DB 


TRA_BUFFER 
DB 


CMNDJLAG 
OW 


DATA 
ENDS 


ASSUME 
,,, 


~S:CODE, 
OS: DATA, 
ES:NOTHING, 
SS;STACK 


PUSH 
MOV 
LES 
MOV 
MOV 
CALL 
MOV 
OUT 
pop 


RET 


BP 
BP,SP 
SI,DWORD 
PTR 
[BI'+6] 
AX,WORD PTR[BP+l0) 
AH,OH 
RECOMA 
AL,REC 
CHD 
CHD 
44-;-AL 
BP - 


CALL 
REC-DMA 
LOAD RECEIVE 
COMMAND 
SEND 
TO 
COMMAND/DATA 
REG 


PUSH 
MOV 
LEs 
MOV 
MOV 
CALL 
MOV 
OUT 
pop 


RET 


BP 
BP,SP 
SI,DWORD 
PTR 
[BP+6] 
AX,WORD 
PTR[BP+lO] 
AH,OH 
TRA 
DMA 
AL,TRA 
eKD 
CHD 44-;AL 
BP 
- 


CALL 
TRA-DMA 
LOAD 
TRANSMIT 
COMMAND 
SEND 
TO 
COMMAND/DATA 
REG 


PUSH 
KOV 
LES 
KOV 
KOV 
CALL 
KOV 
OUT 
pop 


RET 


BP 
BP,SP 
SI,DWORD 
PTR[BP+6] 
AX,WORD 
PTR(BP+10] 


AH,OK 
TRA 
DKA 
AL,CON 
CMD 
CMD 44-;AL 
BP 
- 


CALL 
TRA-DKA 
LOAD 
CONFIGURE 
COMllAND 
SEND 
TO 
COMllAND/DATA 
REG 


PUSH 
KOV 
LES 
KOV 
KOV 
CALL 
KOV 
OUT 
pop 


RET 


BP 
BP,SP 
SI,DWORD 
PTR[BP+6] 
AX,WORD 
PTR[BP+10] 
AH,OH 
REC 
DKA 
AL,CUM 
CMD 
CMD 44;AL 
BP - 


CALL 
REC-DKA 
LOAD 
DUMP 
COMllAND 
SEND 
TO 
COMMAND/DATA 
REG 


ABOR _COMMAND 
PROC 
FAR 


KOV 
AL,ABO_CMD 


OUT 
CMD_44,AL 


RET 


ABOR _COMMAND 
ENDP 


NOP_COMMAND 
PROC 
FAR 


KOV 
AL,NOP_CMD 


OUT 
CMD_44,AL 


RET 


NOP_COMMAND 
ENDP 


intJ 


************ '111*.* 'II 
••••• 
**••• *•••••••• 
******.**.**••••• *.**.** 


.•• 
RECEIVE 
OMA 
ARGS 
AX 
BUFFER 
SIZE 
ES: SI 
BUFFER 
POINTER 


REC_DKA 
PROC 
NEAR 
MOV 
eXtCKT_DHAl 
OUT 
DX,AX 


XOR 
BX,BX 
MOV 
AX,ES 
SHL 
AX,I 
RCL 
eX,l 
SHL 
AX,l 
RCL 
BX,I 
SHL 
AX,l 
RCL 
eX,l 
SHL 
AX,I 
RCL 
BX,l 
ADD 
AX,SI 
ADC 
BX,O 
MOV 
ex,OL_DNAl 
OUT 
OX,AX 
MOV 
AX,BX 
MOV 
OX,OH_DHAl 
OUT 
DX,AX 


MOV 
AX,DATA_44 
MOV 
DX,SL_DMAl 
OUT 
OX,AX 


XOR 
AX,AX 
MOV 
DX,SH_DKAI 
OUT 
DX,AX 


MOV 
DX,CTL_DMAl 
MOV 
AX,lOIOOOIOIOIOOllOB 
OUT 
DX,AX 
RET 


REC_DKA 
ENDP 


CLEAR 
BX 
LOAD SEG ADDRESS 
OF BUFFER 
CALCULATE 
LINEAR 
ADDRESS 
OF THE BUFFER 


ADD THE OFFSET 
TO BASE 


LOAD ADDRESS 
OF DEST 
POINTER 
(LO WORD) 
PROGRAM DEST 
POINTER 
REGISTER 
(LO WORD) 


LOAD ADDRESS 
OF DEST 
POINTER 
(HI 
WORD) 
PROGRAM DEST 
POINTER 
REGISTER 
(HI 
WORD) 


LOAD ADDRESS 
OF DATA REGISTER 
LOAD ADDRESS 
OF SOURCE POINTER 
PROGRAM SOURCE 
POINTER 
REGISTER 
(LO WORD) 


CLEAR AX 
LOAD ADDRESS- OF SOURCE POINTER 
(HI 
WORD) 


PROGRAM SOURCE 
POINTER 
REGISTER 
(HI 
WORD) 


LOAD ADDRESS 
OF CONTROL REGISTER 
LOAD THE CONTROL WORD 
PROGRM THE CONTRL REGISTER 


;***.* 'II.**.*.**.****••• ***** •• * * * * * * **.* * * * 'II 
•••• 
**.* * * * **.* •• *.* * * 
; .* TRANSMIT 
OKA 


: 
ARGS 
AX 
BUFFER 
SIZE 
ES:SI 
BUFFER 
POINTER 


TRA DKA 
- 
IHe 
MOV 
OUT 


PROC 
NEAR 
AX 
DX,eNT 
DHAl 
DX,AX 
- 


CLEAR 
BX 
LOAD SEG ADDRESS 
OF BUFFER 
CALCULATE 
LINEAR 
ADDRESS 
OF THE BUFFER 


LOAD ADDRESS 
OF SOURCE 
POINTER 
(LO WORD) 


PROGRAM SOURCE 
POINTER 
REGISTER 
(LO WORD) 


LOAD ADDRESS 
OF SOURCE POINTER 
(HI 
WORD) 


PROGRAM SOURCE 
POINTER 
REGISTER 
(HI 
WORD) 


LOAD ADDRESS 
OF DATA REGISTER 
LOAD ADDRESS 
OF DEST 
POINTER 
PROGRAM DEST 
POINTER 
REGISTER 
(LO WORD) 


CLEAR AX 
LOAD ADDRESS 
OF DEST 
POINTER 
(HI 
WORD) 
PROGRAM DEST 
POINTER 
REGISTER 
(HI 
WORD) 


LOAD ADDRESS 
OF CONTROL REGISTER 
WAD 
THE 
CONTROL 
WORD 
PROGRAM THE 
CONTRL REGISTER 


BX,BX 
AX,ES 
AX,I 
BX,l 
AX,I 
ex,l 
AX,l 
BX,l 
AX,I 
eX,l 
AX,SI 
BX,O 
DX,SL 
DMAl 
OX, AX- 
AX, ex 
OX,SH 
OHAl 
DX,AX- 


AX, 
DATA 
44 
OX,OL 
CHAl 
OX, AX- 


AX,AX 
OX,CH 
OHAl 
DX,AX- 


DX,CTL 
DHA! 
AX,00010110101001108 
DX,AX 


Figure A-4. Loading 
and Starting 
the 80186 DMA Controller 


5-119 


inter 


INT_186: 


PUSH 
PUSH 
KOV 
KOV 
OUT 


AX 
OX 
AX, NSPEC BIT 
OX,EOI 
INTR 
OX,AX 
- 


KOV 
AL,01100001B 
OUT 
EOI_SINTR,AL 


IN 
AL,ST 
44 
AND 
AX,OFFH 


KOV 
OX, CTL 
OllAl 
IN 
AX,OX 
- 
OR 
AX,OlOOB 
ANO 
AX, NOT 010B 
OUT 
DX,AX 


KOV 
CMNO_FLAG, TRUE 


pop 
OX 
pop 
AX 
IRET 


Mav 
SP,DATA 
MaV 
DS,SP 
MOV 
ES,SP 
Mev 
SP, STACK 
MOV 
SS,SP 
MOV 
SP, OFFSET 
TOS 


PUSH 
ES 
XOR 
AX,AX 
MOV 
ES,AX 
MOV 
WORD PTR ES:IV 
INTRO +0, 
OFFSET 
INT_186 
Mav 
WORD PTR ES: IV-INTRO 
+2, 
CS 
pop 
ES 
- 


MOV 
AL,000100118 
ICWI 
OUT 
EOI_SINTR,AL 
KUL 
AL 


MOV 
AL, IV_BASE 
ICW2 
OUT 
MASK_SINTR, AL 
KUL 
AL 


KOV 
AL,000000008 
ICW4 
OUT 
MASK_SINTR,AL 
KUL 
AL 


KOV 
AL,OFCH 
:IIASK 
OUT 
MASK_SINTR,AL 


MOV 
AX,0000000000100000B 
MOV 
OX, CTLO 
IKTR 
OUT 
DX,AX- 


MOV 
OX, CTLl 
INTR 
IN 
AX,DX- 
OR 
AX,0000000000101000B 
OUT 
DX,AX 


AX,OOOEDH 
OX, MASK INTR 
DX,AX 
- 


PUSH 
PUSH 
PUSH 
CALL 
ADO 


WORD PTR 
CON BUFFER 
OS 
- 
OFFSET 
CON BUFFER 
CONF COIlllAiiD 
SP,3*2 


, 
WAIT 
FOR END OF CO!lMAllD 


WAIT1: 
CMP 
CMND FLAG, TRUE 
JNE 
WAITI 
MOV 
CMNDJLAG,FALSE 


:.** 
SEND 
DUMP 
COMMAND 


PUSH 
PUSH 
PUSH 
CALL 
ADO 


WORD PTR 
DUM BUFFER 
OS 
- 


OFFSET 
DUM 
BUFFER 
DUMP 
COMMAND 
SP,3*2 


CHP 
CMND 
FLAG, 
TRUE 
JNE 
WAIT2 
MOV 
CMND_FLAG,FALSE 


:*** 
SEND 
TRANSMIT 
COMMAND 


PUSH 
PUSH 
PUSH 
CALL 
ADO 


WORD 
PTR 
TRA 
BUFFER 
OS 
- 


OFFSET 
TRA 
BUFFER 
XMIT 
COIlllAiiD 
SP,3·2 


CMP 
CMND 
FLAG, 
TRUE 
JNE 
WAIT) 
MOV 
CMND_FLAG, 
FAISE 


PUSH 
PUSH 
PUSH 
CALL 
ADO 


WORD PTR 
REC BUFFER 
OS 
- 
OFFSET 
REC 
BUFFER 
RECV COIlllAiiD 
SP,3*2 


PUSH 
BUFFER 
SIZE 
PUSH BUFFER 
SEGMENT REGISTER 


PUSH 
OFFSET 
OF BUFFER 
CALL CONFIGURE 


PUSH 
BUFFER 
SIZE 
PUSH 
BUFFER 
SEGMENT 
REGISTER 


PUSH 
OFFSET 
OF 
BUFFER 
CALL 
CONFIGURE 


PUSH 
BUFFER 
SIZE 
PUSH 
BUFFER 
SEGMENT 
REGISTER 


PUSH 
OFFSET 
OF 
BUFFER 
CALL 
COKKAND 


PUSH 
BUFFER 
SIZE 
PUSH 
BUFFER 
SEGMENT REGISTER 


PUSH 
OFFSET 
OF BUFFER 
CALL COMMAND 


CMP 
CMND 
FLAG, 
TRUE 
JNE 
WAITi 
MOV 
CMND_FLAG, 
FALSE 


ORG 
SJHP 
ORG 
JHP 
ORG 
JHP 


OOH 
INIT 
03H 
EINTO 
23H 
SIINT 


LOCATIONS 
00 
THRU 26H 
ARE USED 
BY INTERRUPT 
SERVICE 
ROUTINES. 
VECTOR ADDRESS 
FOR EXT INTO. 


VECTOR ADDRESS 
FOR SERIAL 
INT 


ORG 
MOV 
MOV 
CLR 
SETB 
SJHP 


26H 
TCON, 'OOOOOOOIB 
IE, '00010001B 
PI. 1 


EA 
DOT 


EXT INTO: 
EDGE TRIGGER 
SI-EXO-l 
CLEAR 
DRQ STATUS 
BIT 
ENABLE 
INTERRUPTS 
WAIT FOR AN INTERRUPT 


:•••••••••• 
* •• ** •••• 
EXTERNAL 
INTERRUPT 
0 ***** •• ****.* ••• ***** 
EINTO: 
CLR 
PI. 
5 
. 
CLEAR 
THE E BIT 
MOV 
DPTR, flOOH 
LOAD DATA POINTER 
WITH A DUMY NUMBER 
MOVX 
A,@DPTR 
READ THE COMMANDBYTE. 
ANL 
A, '00001111B 
KEEP 
THE OPERATION 
FIELD 
MOV 
R2,A 
SAVE 
COMMAND 


DECODE COMMANDAND JUMP 
TO THE APPROPRIATE 
ROUTINE 
COMMAND 
OPERATION 
(BITSO-3) 


ABORT 
OOH 
REC-DISABLE 
01H 
TRA-DISABLE 
02H 
RECEIVE 
03H 
TRANSMIT 
04H 
DUMP' 
05H 
CONFIGURE 
06H 
NOP 
07H 


: 
IF 
INTO IS 
SET TO PRIORITY 1, 
; THEN 
OMA 
OPERATION 
WAS 
IN 
PROGRESS. 
; 
EXECUTE 
ABORT 
REGARDLESS 
ot 
THE 
: COMMANDISSUED. 
: 
EXECUTE 
ABORT 
: 
THIS 
LINE 
WILL 
BE EXECUTED 
IF 
ABORT WAS 
: ISSUED 
WHEN THE 8044 
IS 
NOT EXECUTING 
: ANY COMMANDS. 


EXECUTE 
RECEIVE-DISCONNECT 
CJNE 
JHP 
CJNE 
JHp 
CJNE 
JMP 
CJNE 
JMP 
CJNE 
JMP 
CJNE 
JMP 
CJNE 
JMP 
RETI 


A, 'OlH,J3 
CRDIS 
A, 'OBSH,J4 
CTDIS 
A, '03H,J5 
CREC 
A, '04H,J6 
CTRA 
A, 'OSH,J7 
CDUMP 
A, t06H,J8 
CCON 
A, ,07H,J9 
CNOP 


inter 


; .. 
NOP 
COMMAND 


CNOP: 
CLR 
IEO 


RETI 


; .. 
ABORT COIlllAND 


CABO: 
JNB 
PXa,CABOJl 
CLR 
PXO 
CLR 
Pl.1 


SETB 
Pl.2 
SETB 
Pl.3 
SETB 
Pl.4 


CLR 
IEO 
CLR 
PLO 
SETB 
PLO 
JB 
P3. 2, $ 


pop 
ACC 
pop 
ACC 
MOV 
B,IHIGH($+10) 
MOV 
ACC,ILOW($+7) 
PUSH 
ACC 
PUSH 
B 
CABOJ2: 
RETI 


CABOJ1: 
NOP 
SETB 
Pl.5 


SETB 
Pl.2 
SETB 
Pl. 
3 
SETB 
Pl.4 


CLR 
IEO 
CLR 
Pl. 
0 
SETB 
PLO 
JB 
P3.2, 
$ 
RETI 


IGNORE 
PENDING 
EXT INTO 
(IF 
ANY). 
ANY INTERRUPT 
(COMllNAD) 
DURING 
EXECUTION 
OF 
AN 
OPERATION 
IS 
IGNORED 
RETURN 


WAS DKA IN 
PROGRESS? 
YES. 
EXT 
INTO: 
PRIORITY 
0 
CLEAR 
DKA REQUEST 


: 
UPDATE 
STATUS 
WITH 
: ABORT- DONE EVENT 
(STATUS3DDH; 
E=O) 


IGNORE 
PENDING 
EXT INTO 
(IF 
ANY) • 


SET 
INT 
BIT 
AND INTERRUPT 
80186 
WAIT 
TILL 
INTERRUPT 
IS 
ACKNOWLEDGED 
EXECUTE 
THE NEXT 
"RETI" 
TWICE 
POP 
OUT THE OLD HI 
BYTE PC 
POP 
OUT THE OLD LOW BYTE PC 
HI 
BYTE ADDRESS 
OF CABOJ2 
LOW BYTE ADDRESS OF CABOJ2 
; 
PUSH THE ADDRESS OF THE NEXT 
; "RETIlt 
INSTRUCTION 
INTO 
STACK 
RETURN 


DHA WAS NOT IN 
PROGRESS 
SET 
THE E BIT 


; 
UPDATE 
STATUS 
WITH 
; ABORT-DONE 
EVENT 
(STATUS-FDH; 
E-1) 


IGNORE 
PENDING 
EXT INTO 
(IF 
ANY). 


SET 
INT 
BIT 
AND INTERRUPT 
80186 
WAIT TILL 
INTERRUPT 
IS 
ACKNOWLEDGED 
RETURN 


MOV 
CLR 
SETB 


DPI'R, f100H 
IEO 
PXO 


SETB 
JB 
MOVX 
MOV 
DEC 
JB 
MOVX 
MOV 
JB 
MOVX 
C.JNE 
MOV 
INC 
OJNZ 
JMP 
JB 
MOVX 
CJNE 
MOV 
INC 
OJNZ 
JMP 
JB 
MOVX 
C.JNE 
MOV 
INC 
OJNZ 
JMP 
JB 
MOVX 
CJNE 


Pl.1 
P3. 3, $ 
A,@DPTR 
RO,A 
RO 
P3.3,$ 
A,@DPTR 
R1,A 
P3. 3, $ 
A,@DPTR 
Rl, 'OlH,CCONJl 
STS,A 
R1 
RO,CCONF4 
CCONT1 
P3 • 3, CCONF4 
A,@DPTR 
RI, '02H,CCONJ2 
SMO,A 
R1 
RO,CCONFS 
CCONTI 
P3 • 3 , CCONF5 
A,@DPTR 
RI, '03H,CCONJ3 
STAD,A 
R1 
RO,CCONF6 
CCONTI 
P3. 3, CCONF6 
A,@DPTR 
RI, t04H,CCONJ4 


IGNORE 
PENDING 
EXT INTO 
(IF 
ANY) 
EXT 
INTO: 
PRIORITY 
1 
PXO 
IS 
SET 
TO 
ACCEPT 
ABORT 
DURING 
DKA OPERATION. 


ENABLE 
DHA REQUEST 
WAIT 
FOR 
DMA ACK. 
READ FROM COHKAN/DATA REGISTER 
LOAD BYTE 
COUNT 
DECREMENT 
BYTE 
COUNT 
WAIT FOR DKA ACK. 
READ FROM COIlllAND/DATA 
REGISTER 
LOAD FIRST-BYTE 
WAIT 
FOR 
OMA ACK. 


READ 
FROM 
COMMAND/DATA 
REGISTER 
CHECK 
THE 
FIRST-BYTE 
UPDATE 
THE 
STS 
REGISTER 
INC. 
POINTER 
TO 
THE 
CONF. 
BLOCK 


CHECK 
THE 
BYTE 
COUNT 


"nt-r 
An 
'·UU~ 


DJNZ 
RO,CCONF7 
JHP 
CCONTI 
CCONF7: 
JB 
P3. 3, CCONF7 
HOVX 
A,@DPTR 
CeONJ4 
: 
CJNE 
RI, '05H,CCONJ5 


HOV 
TBL,A 


INC 
Rl 
DJNZ 
RO,CCONF8 
JHP 
CCONTI 
CCONFB: 
JB 
P3. 
3, 
CCONFS 
MOVX 
A,@DPTR 
CCONJ5: 
CJNE 
Rl, t06H,CCONJ6 


HOV 
RBS,A 


INC 
Rl 
DJNZ 
RO,CCONF9 
JHP 
CCONTI 
CCONF9: 
JB 
PJ. 
3 , CCONF9 
HOVX 
A,@DPTR 
CCONJ6: 
CJNE 
Rl,t07H,CCONJ1 


HOV 
RBL,A 


INC 
Rl 
DJNZ 
RO,CCONFA 


JHP 
CCONTI 
CCONFA: 
JB 
P3. 
3, 
CCONFA 


HOVX 
A,@DPTR 
CCONJ7: 
CJNE 
RI, '08H,CCONJ8 


HOV 
IP,A 


INC 
Rl 
DJNZ 
RO,CCONFB 


JHP 
CCONTI 
CCONFB: 
JB 
P3. 
3 , CCONFB 


HOVX 
A,@DPTR 
CCONJ8: 
CJNE 
Rl,t09H,CCONJ9 


HOV 
IE,A 


INC 
Rl 
DJNZ 
RO,CCONFC 


JHP 
CCONTI 
231784-26 
CCONFC: 
JB 
P3. 
3, 
CCONFC 


MOVX 
A,@DPTR 
CCONJ9: 
CJNE 
RI, 
tOAH,CCONJA 
HOV 
THOO,A 


INC 
Rl 


DJNZ 
RO,CCONFO 


JHP 
CCONTI 
CCONFD: 
JB 
P3 • 3 , CCONFD 
KOVX 
A,@OPrR 
CCONJA: 
CJNE 
RI, 'OBH,CCONJB 


HOV 
TCON,A 


INC 
Rl 


DJNZ 
RO,CCONFE 


JHP 
CCONTI 
CCONFE: 
JB 
P3 • 3 , CCONFE 


HOVX 
A,@DPTR 
CCONJB: 
CJNE 
Rl, 
lOCH, 
ERRORl 


HOV 
PSW,A 
INC 
Rl 


DJNZ 
RO,ERRORI 


JHP 
CCONTI 


ERRORl: 
NOP 
ILLEGAL 
BYTE COUNT 
SETB 
PI.5 
SET 
THE E STATUS 
BIT 


CCONTl: 
NOP 
CLR 
PI. 
1 
CLEAR 
DHA REQUEST 


CLR 
PXO 
EXT INTO: 
PRIORITY 
0 


SETB 
PI.2 
; 
UPDATE 
STATUS 
WITH 


CLR 
PI.3 
; CONFIGURE-DONE 
EVENT 
CLR 
PI. 
4 
(STATUSaC5H 
IF 
E-O) 


CLR 
IEO 
IGNORE 
PENDING 
EXT 
INTO 
(IF 
ANY) 


CLR 
PI.O 
SETB 
PI. 
0 
INTERRUPT 
THE 80186 


JB 
P3.2. 
$ 
WAIT TILL 
INTERRUPT 
IS 
ACKNOWLEDGED 


RETI 
RETURN 


231784-27 


Figure A-10. Execution 
of CONFIGURE 
Command 
(Continued) 


inter 


; 
•• 
OUHP 
COMMAND 


CDUMP: 
MOV 
A,STS 
MOVX 
@DPTR,A 
CLR 
IEO 
SETB 
PXO 
SETB 
P1.1 
JB 
P3.3,$ 
MOV 
A,SMD 
MOVX 
@DPTR,A 
JB 
P3.3,$ 
MOV 
A,STAO 
MOVX 
@DPTR,A 
JB 
P3.3,$ 
MOV 
A,TBS 
MOVX 
@DPTR,A 
JB 
P3. 
3, $ 
MOV 
A,TBL 
MOVX 
@DPTR,A 
JB 
P3. 3, $ 
MOV 
A,TCB 
MOVX 
@DPTR,A. 


JB 
P3. 
3, $ 
MOV 
A,RBS 
MOVX 
@OPTR,A 
JB 
P3. 3, $ 
MOV 
A,RBL 
MOVX 
@DPTR,A 
JB 
P3. 3, $ 
MOV 
A,Res 
MOVX 
@DPTR,A 
JB 
P3. 
3, $ 
MOV 
A,RFL 
MOVX 
@OPTR,A 
JB 
P3. 3, $ 
MOV 
A,PSW 
MOVX 
@DPTR,A 
JB 
P3.3,$ 
MOV 
A,IP 
MOVX 
@DPTR,A 
JB 
PJ. 3, $ 
MOV 
A,IE 
MOVX 
@DPTR,A 
JB 
P3.3,$ 
MOV 
A,TMOO 
MOVX 
(IDPTR,A 
JB 
P3.3,$ 
MOV 
A,TCON 
MOVX 
@DPTR,A 
JB 
P3.3,$ 
CLR 
Pl.1 
CLR 
PXO 


SETB 
P1.2 
SETB 
Pl. 
3 
CLR 
P1.4 


CLR 
IEO 
CLR 
Pl.O 
SETS 
Pl.O 
JB 
P3. 2, $ 
RETI 


LOAD THE 
FIRST 
DUMP REG INTO 
ACC 
WRITE 
TO THE 
COIlMAllD/DATA REGISTER 
IGNORE 
PENDING 
EXT INTO 
(IF 
ANY) 
INTRERRUPT 
0: 
PRIORITY 
1 
ENABLE 
DIlA REQUEST 
WAIT 
FOR DKA ACK 


; 
UPDATE 
STATUS 
WITH 
; DUMP-DONE 
EVENT 
(STATUS-CDH) 


INTERRUPT 
THE 80186 
WAIT TILL 
INTERRUPT 
IS 
ACKNOWLEDGED 
RETURN 


inter 


; ** 
RECEIVE 
COMMAND. 
CREC: 
JNB 
RBE, CRECJ1 
SETB 
P1.5 
CRECJ1: 
SETB 
RBE 
CLR 
RBP 
CLR 
IEO 
RETI 


: ** 
TRANSMIT 
CTRA: 
MOV 
CLR 
SETB 
SETB 
JB 
MOVX 
MOV 
DEC 
DEC 
MOV 


CTRAJ2: 
JB 
MOVX 
MOV 
DEC 
CTRAJ3: 
JB 
MOVX 
MOV 
DJNZ 
SJMP 
CTRAJ4: 
JB 
MOVX 
MOV 
INC 
DJNZ 


CTRAJ5: 
CLR 
CLR 
SETB 
SETB 
CLR 
RETI 


COMMAND. 
Rl,TBS 
IEO 
PXO 
P1.1 
P3.3, 
$ 
A,@DPTR 
RO,A 
A 
A 
TBL,A 
P3 • 3, CTRAJ'2 
A,@DPTR 
STAD,A 
RO 
P3 • 3, CTRA.J3 
A,@OPTR 
TeS,A 
RO,CTRAJ4 
CTRAJ5 
P3.3,CTRAJ4 
A,@DPTR 
@R1,A 
R1 
RO,CTRAJ4 


P1.1 
PXO 
TBF 
RTS 
IEO 


IS 
SIU 
ALREADY IN 
RECEIVE 
MODE? 
YES. 
SET 
THE E BIT 
NO. 
ENABLE RECEPTION 
CLEAR RECEIVE 
BUFFER 
PROTECT 
BIT 
IGNORE 
PENDING 
EXT 
INTO 
(IF 
ANY) 
RETURN. 
UPDATE 
STATUS 
IN 
THE 
SIU 
INTERRUPT 
ROUTINE. 


LOAD TRANSMIT 
BUFFER 
START 
IGNORE 
PENDING 
EXT INTO 
(IF 
ANY) 
EXT INTO: 
PRIROITY 
1 
ENABLE 
DNA REQUEST 
WAIT 
FOR DNA ACK. 
READ FROM COMMAND/DATA REG. 
LOAD THE 
BYTE COUNT 
: 
SUBTRACT 
2 FROM THE BYTE 
: COUNT AND LOAD INTO 
XMIT 
LOAD BUFFER 
LENGTH 
WAIT FOR DNA ACK. 
READ FROM COMMAND/DATA REG. 
LOAD DESTINATION 
ADDRESS 
DECREMENT THE BYTE COUNT 
WAIT FOR DNA ACK. 
READ FROM COMMAND/DATA REG. 
LOAD THE TRANSMIT 
CONTROL BYTE 
IS 
THERE 
ANY INFO. 
BYTE? 
NO. 
YES. 
WAIT 
FOR DNA ACK. 


READ FROM COMMAND/DATA REG. 
MOVE DATA TO THE TRANSMIT 
BUFFER 
INC. 
POINTER 
TO BUFFER 
LAST 
BYTE FETCHED 
INTO 
THE 
BUFFER? 
NO. 
FETCH 
THE NEXT BYTE 
YES. 
DISABLE 
DNA REQUEST 
EXT INTO: 
PRIORITY 
0 
SET 
TRANSMIT 
BUFFER 
FULL 
ENABLE 
TRANSMISSION 
IGNORE 
PENDING 
EXT INTO 
(IF 
ANY) 


, 
RETURN. 
UPDATE 
STATUS 
IN 
THE 


,SIU 
INTERRUPT 
ROUTINE 


JB 
SETB 
CLR 
CLR 
RETI 


TBF,CTDI.11 
P1.5 
TBF 
IEO 


IS 
TRANSMIT BUFFER ALREADY EMPTY? 


YES, 
SET THE E BIT 
NO. 
CLEAR TRANSMIT 
BUFFER 
, 
IGNORE 
PENDING 
EXT 
INTO 
(IF 
ANY) 


, 
RETURN. 
UPATE 
STATUS 
IN 
THE 
,SIU 
INTERRUPT 
ROUTINE. 


CRDIS: 
JB 
RBE,CRDIJl 


SETB 
P1.5 
CRDIJ1: 
CLR 
RBE 


SETB 
P1.2 
CLR 
P1.3 
SETB 
Pl. 
4 


CLR 
CLR 
SETB 
JB 
RETI 


IEO 
PLO 
PLO 
PJ. 2, $ 


IS 
RECEIVE 
BUFFER 
ALREADY EMPTY? 
YES. 
SET 
THE E BIT 
NO. 
CLEAR RECEIVE 
BUFFER 


UPDATE 
STATUS 
WITH 


,RECEPTION-DISABLED 
EVENT 


, 
(STATUS~D5 
IF 
E-O) 


INTERRUPT 
THE 
80186 
WAIT TILL 
INTERRUPT 
IS 
ACKNOWLEDGED 
RETURN 


inter 


SIINT: 
CLR 
SI 
MOV 
A,R2 
CJNE 
A, t03K, SINTJl 
JMP 
SIREC 
SINT.Jl: 
CJNE 
A, 'OiH, SINTJ2 
JMP 
SITDIS 
SINTJ2: 
JMP 
SITRA 


:** 
TRANSMISSION IS 
DISABLED 


SITDIS: 
JB 
RTS,SINTJ3 
JNB 
TBF,SINTJ3 


CLR 
Pl.2 
SETB 
Pl.3 
SETB 
Pl.4 


CLR 
IEO 
CLR 
PloD 
SETB 
PLO 
JB 
P3.2,$ 
RETI 


;** 
A FRAME IS 
TRANSMITTED 


SITRA: 
JB 
RTS,SINTJ3 


CLR 
Pl.2 
SETB 
Pl.3 
SETB 
Pl.4 


CLR 
IEO 
CLR 
PLO 
SETB 
Pl. 
0 
JB 
PJ.2,$ 
RETI 
; ** 
A 
FRAME 
IS 
RECEIVED 


JB 
RBE,SINTJ3 
JNB 
.BOV,SINTJ4 
SETB 
Pl.5 
MOV 
RO,RFL 
MOV 
Rl,RSS 
CLR 
IEO 
SETB 
PXO 


MOV 
A,@Rl 
MOVX 
@DPTR,A 
SETB 
Pl.l 
INC 
Rl 
JB 
PJ .3, $ 
DJNZ 
RO,CINTJ7 
SJMP 
CINTJ8 


MOV 
A,@Rl 
MOVX 
@DPTR,A 
INC 
Rl 
JB 
P3 .3, 
$ 
DJNZ 
RO,CINTJ7 


MOV 
A,RFL 
MOVX 
@DPTR,A 
JB 
P3. 
3, $ 
MOV 
A,STAD 
MOVX 
@OPTR,A 
JB 
P3. 
3, $ 
MOV 
A,Res 
MOVX 
@OPTR,A 
JB 
P3. 
3, $ 
CLR 
Pl.l 
CLR 
PXO 


LOAD 
THE 
OPERATION 
FIELD 
RECEIVE 
COMMANDPENDING? 
YES. 
TRANSMIT-DISCONNECT 
PENDING? 
YES. 
TRANSMIT 
COMMANDIS 
PENDING 


REQUEST 
TO SEND ENABLED? 
YES. 
TRANSMISSION 
DISABLED? 
YES. 
; 
UPDATE 
STATUS 
WITH 
;TRANSMISSION-DISABLED 
EVENT 
(STATUS-D9H) 


IGNORE 
PENDING 
EXT INTO 


, 
A 
FRAME 
TRANSMITTED? 
; 
YES. 
; 
UPDATE 
STATUS 
WITH 
;TRANSMIT-DONE 
EVENT 
; 
(STATUS-C9). 


RECEIVE 
BUFFER 
FULL? 
YES. 
BUFFER 
OVERRUN? 
YES. 
SET 
THE 
E 
BIT 
LOAD RO WITH RECEIVE 
BYTE COUNT 
LOAD 
Rl 
WITH 
RECEIVE 
BUFFER 
ADDRESS 
IGNORE 
PENDING 
EXT INTO 
(IF 
ANY) 
EXT INTO: 
PRIORITY 
1 


MOVE FIRST 
BYTE INTO Ace. 
WRITE 
TO THE COMMAND/DATA REG 
ENABLE 
DHA REQUEST 
IHe 
POINTER 
TO 
RECEIVE 
BUFFER 
WAIT 
FOR DHA ACK. 
LAST 
BYTE 
MOVED? 
YES 


LOAD 
RECEIVED 
DATA 
INTO 
Ace. 
WRITE 
TO THE COMMAND/DATA REG. 
INC 
POINTER 
TO RECEIVE 
BUFFER 
WAIT 
TILL 
OMA 
ACK 
LAST 
BYTE MOVED TO COMMAND/DATA REG? 


NO. 
DEPOSIT 
THE 
NEXT 
BYTE 
LOAD BYTE COUNT 
WRITE 
TO THE COMMAND/DATA REG 
WAIT 
FOR DHA ACK. 


LOAD STATION 
ADDRESS 
WRITE 
TO THE COMMAND/DATA REG 
WAIT 
FOR DIlA ACK. 


LOAD RECEIVE 
CONTROL BYTE 
WRITE 
TO THE COMMAND/DATA REG 
WAIT 
FOR DHA ACK. 
CLEAR 
DHA REQUEST 
EXTERNAL 
INTERRUPT: 
PRIORITY 
0 


intJ 


CLR 
CLR 
SETB 
CLR 
CLR 
SETB 
JB 
RETI 


; 
UPDATE 
STATUS 
WITH 
;RECEIVE-DONE 
EVENT 
(STATUS-D1H 
IF 
E-O) 
IGNORE PENDING EXT INTO 


PL2 
PL 3 
PL 4 
IEO 
PLO 
Pl.O 
P3.2,$ 
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When using the DMA controller of the 80186 and 
80188, there are several operating conditions which af- 
fect the service time (latency) between when the DMA 
request is generated and when the bus cycles associated 
to the DMA transfer are actually run. This application 
brief describes those conditions which affect DMA La- 
tency. 


The minimum DMA latency is 4 clocks and, depending 
on when the signal arrives (i.e. if the signal just missed 
the setup time), it might appear to be almost 5 clocks. 
This 4 to 5 clock delay is due to a two phase synchroni- 
zer and various transfer gate delays the DRQ signal 
must take before reaching the BIU. Conceptually the 
circuit looks like Figure 1. 


If the Bus Interface Unit (BIU) is available when the 
DRQ signal reaches it, then a DMA cycle will proceed 
at T 1 of the bus cycle as the next clock. 


Also note that the DRQ signal is not latched, and must 
remain active until serviced. If the DRQ signal is 
brought low after being asserted high, then a '0' will 
propagate through and; if the request had not yet been 
serviced, then the BIU will see a '0' and the cycle will 
never take place. 


The circumstances that affect DMA latency in order of 
worst case are as follows: 


1) HOLD 
2) LOCK - INTA 
3) Odd byte accesses 
4) Effective Address Calculations (EA) 


HOLD can indefmitely delay a DMA cycle. There is no 
mechanism internally to remove HLDA when a DMA 
request is pending. 


LOCKed instructions can also delay a DMA cycle by a 
significant amount, depending on the type of instruc- 
tion locked. A typical locked XCHG instruction from 
memory to register could delay the DMA cycle by as 
much as 18 clocks if the memory access required two 
bus cycles (80188 or odd locations on the 80186). On 
the other hand, a locked repeat MaYS could delay a 
DMA cycle by up to 1.05 million clocks depending on 
the number of transfers and the number of bus cycles 
per transfers. 


Interrupt acknowledges can also affect DMA latency 
because the bus is locked out during the first two bus 
cycles required to fetch the interrupt vector type. This 
causes the worst case latency during interrupt acknowl- 
edges to be: 


Clocks (Minimum 
Setup) 
Clocks (2 Bus Cycles + 2 Idle Clocks) 
Min 


Clocks Total 


Both HOLD and LOCK are extremely dependent on 
the type of system being designed and therefore are not 
really considered to be normal worst case latency. 
However, odd byte accesses and effective address calcu- 
lations are conditions that frequently occur in almost 
all systems. Under these conditions of no HOLD, no 
LOCK, and no wait states, the worst case occurs when 
the DMA request loses to an instruction data cycle re- 
quiring an effective address calculation. 


Effective addresses (EA) always require 4 clocks for 
calculation 
and 
can 
only 
take 
place 
during 


T3-T4-TI-TI, T4-TI-TI-TI, 
or TI-TI-TI-TI. 
This cre- 


ates an extra minimum insertion of 2 T-idle cycles. If 
the EA requires an immediate value in the prefetch 
queue, then a signal goes active which places the EA 
bus cycle at a higher priority than any other BIU re- 
quests. This is so the execution unit won't be waiting on 
the bus interface unit. If the EA hadn't required the 
value in the queue, then the EU could proceed with the 
next instruction shortly after it had sent the request to 
the BIU. Figure 2 shows the effects EA calculations 
have on DMA Latency. 


:::~"", 
L.. two phose synchronizer 
to sample asynchronous signals 


inter 


STATUS 


1100 
ALE 
0100 
,ETCH 
0111 
PASSIVE 
0111 
PASSIVE 
1100 
ALE 
0100 
,ETCH 
0111 
PASSIVE 
0111 
PASSIVE 
0111 
PASSIVE 
0111 
PASSIVE 
1101 
ALE 
0101 
REAO 
0111 
PASSIVE 
0111 
PASSIVE 
1101 
ALE 
0101 
READ 
0111 
PASSIVE 
0111 
PASSIVE 
1101 
ALE 
0101 
READ 
0111 
PASSIVE 
0111 
PASSIVE 


Code 


90 
90 
2E87060100 


AID 


,A05E 
OA05E 
OAOOO 
OAOOO 
,A05, 
OA05, 
OAOBE 
OAOBE 
OAOBE 
OAOBE 
,AOll 
OAOll 
OAOOl 
OAOOl 
,A012 
OA012 
OAOOl 
OAOOI 
,800C 
1800C 
180ff 
180ff 


NOP 
NOP 
XCHG 
AX,CS:WORD 
PTR 
0001 


T1 11 ----LreCOgnlZed 
on edge 
T2 11 
T3 11 
ORO octlve 
T4 11 
T1 11 ~ 
T2 11 
'--ORO 
presented 
to BIU 
T3 11-L 
(too late to stop fetch) 


T4 11 
T3 11 
EA calculation 
llij 1 
'~tCh 
or memory 
read 
cycle for 


T1 11 
the 
XCHG Instruction. 
T2 11 
T3 11 
T411 
11 -Dt.4A cycle begins 
11 
11 
11 


270525-2 


• If an immediate value had not been used, the EA would have been aborted and the DMA would have begun its bus 


cycle. In this case, the latency would be 8 clocks. 


Address 


FA058 
FA059 
FA05A 


,etch 
of 
{ 
lost byte 
necessary 
for the 
XCHG 


Instruction. 


269 
270 
271 
272 
273 
274 
275 
276 
277 
278 
18 
279 
CLOCKS280 
1 


281 
282 
283 
284 
285 
286 
287 
288 
289 
290 
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80186/80188 
EFI Drive and 
Oscillator Operation 


STEVE 
FARRER 
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ENGINEER 


There has been some confusion in the past regarding 
the correct input for EFI (External Frequency Input) 
use and what parameters should be used for crystal 
selection. This Application Brief discusses the trade- 
offs with each input so that one can decide which input 
suits his design and also lists the parameters for crystal 
selection. 


The oscillator circuit on the 186/188 is as shown in 
Figure 1 (simplified). Either input may be used for an 
EFI signal. Using XI requires very little drive from an 
external oscillator since it is essentially the gate of an 
NMOS transistor. 
Clock operation works fine using 


this input, but at higher frequencies the stray capaci- 
tance on X2 begins to change the duty cycle of the 
clock. This will eventually cause the part to fail. 


NOTE: 
Driving X2 does not allow compatibilitywith future 
CMOS designs. 


Using X2 as an EFI gives a broader frequency range 
but places a more stringent requirement on the drive 


capability of the external oscillator. Since Xl is an in- 
put, it may be grounded to minimize the capacitance. 
This in turn allows for a higher frequency range since 
the duty cycle remains closer to 50%. But with Xl 
grounded, the output of the inverter (which is directly 
connected to X2) is always trying to output a high. This 
means the oscillator driving X2 must be capable of 
sinking up to 15 mA at cold temperatures when trying 
to drive it low. If the external oscillator is capable of 
supplying 15 mA, then this method is preferred. Other- 
wise, Xl should be used as an EFI. 


Caution: using X2 for EFI does not allow for CMOS 


compatibility at a future date. 


The oscillator circuit is a single stage amplifier connect- 
ed as a Pierce oscillator. There are no passive compo- 
nents in the oscillator circuit, only a unique combina- 
tion of depletion and enhancement mode FET's. Char- 
acterization of the oscillator circuit showed that opera- 
tion was optimum with crystal parameters as follows: 
ESR 
30 ohms maximum 


(Equivalent Series Resistance) 
Co (Shunt Capacitance) 
Cl (Load Capacity) 
Drive Level 


7.0 pfmax. 
20 pf ±2 pf 
1 mWmax. 


Standard Crystal Corporation 


9940 East Baldwin Place 


El Monte, CA 91731 


(213) 443-2121 


The 80C186/80C188 
Integrated 


Refresh Control Unit 


GARRY 
MION 
ECO SENIOR 
APPLICATIONS 
ENGINEER 


The 8OCl86 and 8OCl88 incorporate a special control 
unit that integrates address and clock counters which, 
along with the Bus Interface Unit (BIU), facilitates dy- 
namic memory refreshing. Refreshing is an operation 
required by dynamic memory to ensure data retention. 


Dynamic memory refreshing can be controlled using 
anything from an exotic memory controller to a simple 
timer along with a DMA 
controller. 
In fact, the 


8OCl86 device accomplishes the task memory refresh- 
ing by using one of the internal timer/counters 
and a 


DMA channel. However, doing this meant that very 
desirable internal functions were no longer available to 
do more useful work. 


Dynamic memory, unlike static or non-volatile memo- 
ry, always require some form of a memory controller to 
enable read and write operations. Therefore, even the 
most basic dynamic memory interface has a minimum 
set of support logic. The advent of programmable logic 
and highly integrated dynamic memory has made the 
job 
of 
designing 
a 
memory 
controller 
somewhat 


straightforward. However, directly supporting memory 
refresh still can complicate many controller designs. 


The designer of a memory controller must take into 
account CPU-versus-refresh arbitration and must pro- 
vide a mechanism to generate periodic refresh requests. 
Most dynamic memory devices now contain internal 


R 
CONTROL 


CLOCK 
ROW 
CLOCK 
GENERATORS 


COLUMN 
CLOCK 


refresh address counters which eliminate the need for 
external refresh address generation. However, such de- 
vices tend to complicate a memory controller design. 
The 8OCl86 simplifies dynamic memory controller de- 
sign by integrating a refresh mechanism into the opera- 
tion of the CPU. 


This application brief is not intended to be a discussion 
of dynamic memory controller design. Instead, it will 
concentrate on the operation of the Refresh Control 
Unit with the 8OC186,and how it can help simplify a 
memory controller. 


The discussions on the following pages apply to BOTH 
the 8OCl86 and 8OCl88 except where noted. 


UNDERSTANDING 
DYNAMIC 


MEMORY 


Before explaining how memory refreshing is accom- 
plished, some understanding 
of a Dynamic Random 


Access Memory (DRAM) device is needed. Figure I 
shows a simplified block diagram of a DRAM device, 
while a block diagram of a typical dynamic memory 
controller is shown in Figure 2. 


R 
D 
R 
D 
o E 
o E 
W 
c 
MEMORY 
W 
c 
MEMORY 
R/W 
0 
ARRAY 
0 
ARRAY 
D 
D 
CONTROL 


E 
E 
R 
R 


SENSE 
AMPS 
SENSE 
AMPS 
IN/OUT 
BUffERS 


COLUMN 
DECODER 
COLUMN DECODER 


SENSE 
AMPS 
SENSE 
AMPS 


SHIrT 
REGISTER 


R 
D 
R 
D 
o E 
o E 
W 
c 
MEMORY 
W 
c 
MEMORY 
0 
ARRAY 
0 
ARRAY 
D 
D 
E 
E 
R 
R 
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MEMORY CHIP SELECT 


READ 


WRITE 
MEMORY 
A0 
CONTROLLER 


BHE 


CLKOUT 


256KU 
DRAMS 
RAS 


CAS 
WE 
OE 


00-7 


256KX~ 
DRAMS 


RAS 
CAS 
WE 
OE 


The typical DRAM memory array is built as a matrix. 
Thus, any bit or cell in the memory array is accessed by 
specifying a unique row and column address. As shown 
in Figure I, the row and column addresses are multi- 
plexed through one set of address inputs. Multiplexing 
the address inputs helps reduce the number of pins re- 
quired to support large memory arrays. For instance, 
adding only one address bit will result in a memory 
array 4 times as large. 


Two control lines, RAS and CAS, are used to strobe an 
address into the memory chip. Figure 3 illustrates a 


timing diagram for a typical memory read access and 
the relationship between the RAS and CAS signals. 
The signal MUX controls which half of the address is 
presented to the memory devices. After generating the 
row address strobe (RAS), the decoder selects a row of 
memory cells whose data value will be detected by a 
Sense Amplifier. The Sense Amplifier then presents the 
data to the column decoder. Note that all cells associat- 
ed to a row get accessed. The fact that all cells within a 
row are accessed will be used later to explain why only 
the RAS portion of the memory address is required to 
refresh a device. 


tRS = Row Address 
Setup to RAS J. 


tRH = Row Address 
Hold from RAS J. 


tes = Column 
Address 
Setup 
to CAS J. 


!cH = Column 
Address 
Hold from RAS J. 


tRACC = RAS Access 
Time 
!cACC = CAS Access 
Time 
toEACC = OE Access 
Time 


Figure 3. DRAM Signal Timings 
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When the column address is strobed, it is here that only 
one of the memory cells is selected. The memory cell 
will either be written to or read from depending on the 
the control signals WE and OE respectively. Since data 
from one entire row is presented to the column decod- 
er, it is possible (on some devices) to simply cycle 
through column addresses to access additional data. 
The basic idea, however, is that two sets of addresses 
are required to access a memory cell within a memory 
array. Furthermore, specifying a single row address in- 
ternally accesses all memory cells within that row. 


The minimum memory controller interface consists of a 
sequencer and an address multiplexer. The sequencer is 
responsible for generatin&....!!.tecorrect control signals: 
RAS; CAS; MUX; WE; OE. The address multiplexer 
logic is responsible for translating the processor address 
bus to the memory address bus. These two pieces of 
logic can exist in any form, from simple TTL gates to 
single chip solutions. However, what is missing from 
the simplified memory controller is a mechanism to 
perform memory refresh. 


UNDERSTANDING 
MEMORY 
REFRESH 


As indicated earlier, dynamic memory needs to be re- 
freshed in order to maintain its data. Refreshing is ac- 
complished whenever a memory cell is accessed. It is 
not necessary to read a memory location and then write 
the value back in order to refresh a memory cell. Sim- 
ply cycling through a complete set of row addresses is 
all that is required. Remember, since a row accesses all 
memory cells associated to it, accessing all rows will 
access all the cells within the device. 


Referring back to Figure 2, the 9 address bits presented 
to the memory devices are multiplexed from the 18bits 
of address generated by the 8OC186.In the design, ad- 
dress bits AI-A9 are presented during RAS, while ad- 
dress bits AIO-AI8 are presented during CAS. Note 
that address bit AO is not used because the memory 
array is organized as word wide; AO along with BHE 
are used to select one or both of the bytes within a 
word. 


Cycling through row addresses is the only requirement 
needed to refresh a DRAM device. Using the example 
in Figure 2, 9 bits of address are needed. Nine bits 
represent 512 unique addresses, and the only require- 
ment is that each unique address be regenerated every 


8 ms (maximum refresh rate for most devices with 512 
rows). An 8 ms refresh interval divided by 512 address- 
es results in an average refresh cycle rate of 15.625 mi- 
croseconds. Therefore, every 15.625 microseconds a 
mechanism must exist that will access the DRAM de- 
vice, each time presenting a new row address. Any rate 
faster than 15.625 microseconds is acceptable, but sig- 
nificantly faster times have the potential of decreasing 
memory performance. 


WAYS TO REFRESH 
A MEMORY 


DEVICE 


For most dynamic memory devices, there are several 
ways in which a refresh cycle can be run. The first and 
simplest way is to generate memory read cycles every 
15.6 microseconds. 
Each 
new memory 
read 
cycle 


would generate a unique address. When refreshing is 
accomplished using memory read cycles, the memory 
controller is simplified. Only the basic control signals 
need to be generated, which are the minimum needed to 
access the memory anyway. Simplicity is, however, ac- 
companied 
by one drawback; 
bus overhead. 
Using 


memory reads to perform DRAM 
refreshing means 


that one bus cycle every 15.6 microseconds is wasted. 
When operating at very slow speeds, a wasted bus cycle 
might appear to be significant. But if a bus cycle takes 
only, say, 320 nanoseconds to complete, running a re- 
fresh cycle every 15.6 microseconds represents a two 
percent hit in bus performance. 


A second method relies on the fact that most dynamic 
memory devices now have built in refresh address 
mechanisms. DRAM refreshing can be accomplished 
by generating- ~AS before RAS signaling (see Figure 
4a). This method requires that an external signal gener- 
ate a periodic request to the DRAM controller to initi- 
ate the refresh cycle. A method similar to CAS before 
RAS refreshing is hidden refresh. Figure 4c illustrates 
the timing involved to perform hidden refresh. No re- 
quest logic is needed, since the memory access itself is 
what initiates the refresh cycle. However, constant 
memory accessing is required in order to maintain re- 
freshing. Once accessing stops, refreshing stops. Both of 
the methods described have the advantage of not con- 
suming bus bandwidth, but require the memory con- 
troller to handle the somewhat different (from normal 
memory accessing) signaling requirements. 
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NOTES: 
1. Refresh 
address 
provided 
internal 
to memory 
device. 
2. Refresh 
address 
presented 
external 
to memory 
device. 
3. Refresh 
address 
generated 
internally, 
and cycle 
does 
not effect 
memory 
access 
in progress 
(i.e. hidden). 


A final method is to implement a discrete design that 
supports refresh control and refresh address generation. 
The circuit details are shown in Figure 4b. A discrete 
design allows the most design flexibility and can be tai- 
lored to meet any system-to-memory interfacing re- 
quirements. 


There are other methods available, most of which in- 
volve single-chip dedicated memory controllers. How- 
ever, any memory controller design that performs the 
function of refreshing either directly or through exter- 
nal support circuitry has one major concern; arbitration 
between the refresh cycle and a normal memory access. 
The best way to make the operation of the DRAM 
memory controller a true slave to the operation of the 


CPU is to include refreshing as part of the functionality 
of the CPU. By offioading the task of memory refresh- 
ing onto the CPU, the memory controller can be sim- 
plified and dedicated to the duty of DRAM interfacing. 


;The idea that the 8OCl86 refresh cycle is simply a 
memory read means that the dynamic memory control 
logic does not need to differentiate between refresh cy- 
cles and normal memory read cycles. This simplifies 
the design of the memory controller. 
There are no 


special signaling requirements needed, and RAS only 
refreshing (for low-power designs) can be easily accom- 
modated. Further, since the request is generated inter- 
nally and synchronous with the operation of the BIU, 
no special external logic needs to detect when a refresh 
cycle conflicts with a CPU access. 
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80C186 
REFRESH 
CONTROL 
FEATURES 


The Refresh Control Unit (RCV) of the 80C186 con- 
sists of a 9-bit address counter, a 9-bit down counter, 
and support logic. The block diagram can be seen in 
Figure 5. 


The 9-bit address counter is controlled by the BIU and 
used whenever a refresh bus cycle is executed. Thus, 
any dynamic memory device whose refresh address re- 
quirement does not exceed nine bits can be directly sup- 
ported by the 8OC186. A special register has been de- 
fined to allow the base (starting) address of the refresh 
memory region to be specified. This base address' can be 
located on any 4 kilobyte boundary. Furthermore, 
if 
this refresh base address overlaps any of the defined 
chip select regions, the chip select defined for that re- 
gion will go active. 


The 9-bit down counter mttlates a refresh request. 
When the counter decrements to I (it decrements every 
clock cycle), a refresh request is presented to the BIU. 
When the bus is free, the BIU will run the refresh 
(memory) bus cycle. Note that since a refresh bus cycle 
is executed by the BIU, the faster refresh cycles are 
requested the greater the impact on bus performance. 
Referring back to the discussion of request rates, the 
maximum refresh period is typically 15.6microseconds. 
With the 80C186 operating at 12.5 MHz, this repre- 
sents a refresh bus impact of only 2%. However, at 5 
microseconds the bus impact is 15%. Therefore, the 
refresh request rate should be tailored to meet the needs 
of the dynamic memory and the system. The 8OC186 
provides flexibility by allowing the request rate to be 
programmable in 80 ns steps (at 12.5 MHz). 


To facilitate low power designs, the refresh bus cycle 
provides a mechanism whereby the dynamic memory 


devices can be turned ofTduring refresh accesses. Low 
power control is accomplished~riving 
both address 


bit AO and the control signal BHE to a high level. Es- 
sentially an invalid bus access condition exists, since AO 
and BHE are used to indicate which half of the data 
bus is being accessed. When both are high during the 
access, the indication is that neither half of the bus is 
being used for the data transfer. This is acceptable for 
refresh bus cycles since no data is actually being trans- 
ferred. If the memory controller takes advantage of this 
condition, the output enables of the dynamic memory 
devices (as well as the CAS strobe) can be disabled 
during refresh bus cycles, providing overall lower pow- 
er consumption. 


PROGRAMMING 
CHARACTERISTICS 


OF THE REFRESH 
CONTROL 
UNIT 


A 
block 
of control 
registers 
are 
defined 
in 
the 


Peripheral Control Block (PCB) that define the operat- 
ing characteristics of the refresh control unit (refer to 
Figure 5). These registers are only accessible when the 
8OC186is operating in enhanced mode. When in com- 
patibility mode, the 8OC186 will ignore any reads or 
writes to the RCU registers. 


The three registers associated with the refresh unit 
(MORAM, CORAM, EORAM) provide the following 
features: 
I) Enable/disable refresh unit 
2) Establish a refresh request rate 
3) Establish a refresh memory region 
4) Examine the refresh down counter 


It is not necessary to program any of these registers in a 
specific sequence, although the refresh request rate and 
refresh base address regi~ters should be programmed 
before the refresh unit is enabled. 
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Programming 
the Memory Partition 
Register 


The MDRAM register (Figure 6) is used to define ad- 
dress bits Al3 through Al9 of the 20 bit refresh ad- 
dress. This essentially establishes a memory region 
which will be accessed during refresh bus cycles. Typi- 
cally, the refresh memory region will overlap a chip 
select that is used to access the dynamic memory. Over- 
lapping the refresh memory region with a chip select 
memory region, means no additional external hardware 
is needed to support refresh bus cycles since it essential- 
ly operates the same as memory read cycles. When the 
8OCl86 is reset, the MDRAM register is initialized to 
zero. 


Bit 
15 
14 
13 
12 
11 
10 
9 
8 


MDRAM: I M6 
M5 
M4 
M3 
M2 
M1 
MO 
0 


Figure 7 illustrates how the refresh address is generat- 
ed. Address bits AlO-AI2 are not programmable and 
are always driven to a zero during a refresh bus cycle. 
Address bits Al through A9 are derived by a 9-bit lin- 
ear-feedback shift counter. The address counter is not 
ascending or contiguous, meaning that the counter does 
not start at 0 and increment to 511 before resetting 
back to O. For refreshing purposes, it is not important 
that the address be contiguous and count up or down. 
Rather, the only requirement is that all combinations of 
the 512 addresses be cycled through before being re- 
peated. Equation 1 provides the state definition of the 
9-bit refresh address counter and can be used to deter- 
mine the exact counting sequence. Figure 8 illustrates 
the gate logic used to create such a counter. 


7 
6 
5 
4 
o 
0 
0 
0 


bits 0-8: 
Reserved, 
should 
be written 
as a 0 to maintain 
future 
compatibility. 
will be read back as O. 


bits 9-15: 
MO-M6, 
are used to define 
address 
bits A 13-A 19 (respectively) 
of the 20-bit 
memory 
refresh 
address. 
These 


bits are set to 0 on RESET. 


Address Bit 
19 
18 
17 
16 
15 
14 
13 
12 
11 


Physical 
Refresh I M6 
M5 
M2 
Address 
M4 
M3 
M1 
MO 
0 
0 


10 
9 
8 
7 
6 
5 
4 
3 
2 
1 
0 


o 
CAS CA7 CA6 CAS CM 
CA3 CA2 CA1 CAO 
1 


Bit 0: Always 
driven to a 1 (Logic 
High). This is true for both the 80C186/80C188. 


Bits 1-9: 
CAO-CAS, are generated 
by the 9-bit Linear-Feedback 
shift counter. 
Bits 10-12: 
Always 
driven to a 0 (Logic 
Low). 


Bits 13-19: 
MO-M6, 
are defined 
by the MDRAM 
Register. 


Figure 7. Physical 
Refresh 
Address 
Generation 


CAO +- CA1 
CM 
+- CA2 


CA2 +- CA3 
CA3 +- CM 
CM 
+- CAS 


CAS +- CAS 
CA6 +- If(CA1-CA6 
= 111111B), 


then CA6 = Inverted 
CAO 
else CA6 = ((CAO .XOR. CA1) .XNOR. (CA2 .XOR. CA3)) 


CA7, CAS +- If(CAO - CA6 = 0111111 B) 


then CA7, CAS = CA7. CAS + 1 
else CA7, CAS = CA7. CAS 


RESET 
RESET 


REFRESH 
ACKNOWLEDGE 
eLK 
IN 


SEL A A 


OUT 


REFRESH 
ACK 


. RESET . 


CLKQN 


CLK 
A 


Bit 
15 
14 
13 
12 
11 
10 
9 


CORAM: I 0 
0 
0 
0 
0 
0 
0 
876 
543 
2 
0 
~ ~ ~ ~ ~ ~ ~ ~ ~I 


Bits 0-8: 
Co-Ca, define the number of CLKOUT cycles between each Refresh Request 
o = 512,1 = 1,2 = 2, ... These bits are set to 0 on RESET. 
Bits 9-15: 
Reserved, should be written as 0 to maintain future compatibility, will always be read back as O. 


There are no limitations placed on the programming of 
the MORAM register, but be aware that any chip se- 
lect memory 
region that overlaps the address estab- 
lished by the MORAM register will be activated during 
refresh bus cycles. Therefore, the register should be 
programmed to correspond to the chip select address 
that is activated for the dynamic memory partition. 


Programming 
the Refresh Clock 
Register 


The CORAM register (Figure 9) is used to define the 
rate at which refresh requests will be internally generat- 
ed. The CORAM register is used to maintain the start- 


ing value of a down counter, which decrements each 
falling edge of CLKOUT. 
When the counter decre- 


ments to I, a refresh request is generated and the coun- 
ter is again loaded with the value contained in the 
CORAM 
register. Initially, however, the contents of 


the CORAM register is loaded into the down counter 
when the enable bit in the EORAM register set. Thus, 
if the CORAM register is changed, the new value will 
take effect when either the down counter reaches I and 
reloads itself, or whenever the E bit is written to a I 
(this is true whether the bit was previously set or not). 
When the 80CI86 is reset, the CORAM register is ini- 
tialized to zero. A value of zero in the CORAM regis- 
ter is used to indicate the maximum count rate of 512 
clocks. 
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I 


RpERIOD(l1s)• FREQ(MHz) 
I = CORAMRegisterValve 


# Refresh Rows + (# Refresh Rows' % Overhead) 
Rperiod= MaximumRefresh periodspecified by the DRAMmanufacturer(timein microseconds). 
FREQ = Operating Frequencyat 80C186 in megahertz. 
# Refresh Rows = Total number of rows to be refreshed. 
% Overhead = Deratingfactor that estimates the number of missed refresh requests (typically1-5%). 


Figure 10. Equation to Calculate Refresh Interval 


Bit 
15 
14 
13 
12 
11 
10 
9 
I E 
0 
0 
0 
0 
0 
0 
8 
7 
6 
5 
4 
321 
0 
~ ~ ~ ~ ~ ~ ~ ~ ~I 


T0- T8, Refresh request downcounter clockcount.These bitsare read onlyand represent the currentvalueof 
the counter. Anywriteoperationto these bitsis ignored.These bitsare set to 0 on RESETor when the E bitis 
cleared. 
Reserved. should be writtento as a 0 to maintainfuture compatibility,willalways be read back as zero. 
E, enables the operation of the refresh control unit.Setting the E bitwillautomaticallyloadthe Request Down 
Counter.Clearingthe E bitstops refresh operation and clears the DownCounter. 


Bits9-14: 
Bit15: 


The equation shown in Figure 10 can be used to deter- 
mine the value of the CDRAM register needed to estab- 
lish a desired refresh request rate. Note that the equa- 
tion is based on the internal operating frequency of the 
8OC186. Therefore, the request rate is effected by any 
change in operating frequency. Modification of the op- 
erating frequency can occur in two ways: modifying the 
input clock or entering power-save mode. There is no 
upper limitation as to the frequency of refresh requests 
(other than programming), but there is a lower limit. 
This lower limit is based on the fact that the request 
rate can be no faster than the time it takes to service the 
request. Subsequently, the minimum programming val- 
ue of the CDRAM register should be 18 (l2H). It is 
very doubtful that this will ever become a problem 
when operating at normal frequencies, since the refresh 
rate of most dynamic memories is well above this mini- 
mum programming value. 


However, when making use of the power-save feature 
of the 8OCl86, it is possible to lower the operating fre- 
quency such that it will prevent adequate refreshing 
rates. When operating at 12.5 MHz, dividing the clock 
by 16 results in a cycle time of 1.28microseconds. Since 
the minimum value of the CDRAM is 18, the mini- 
mum refresh rate is 23.04 microseconds. 23 microsec- 
onds is not fast enough to service most dynamic memo- 
ries. Therefore, caution must be exercised when using 
the power-save feature of the 8OC186.When there is a 
need to keep dynamic memory alive, the clock should 
not be divided much below 2 MHz to avoid monopoliz- 
ing the bus with refresh activity. If there is no desire to 
keep memory alive during power-save operation, then 
the refresh unit can simply be disabled during this time. 


Programming 
the Refresh Enable 
Register 


The EDRAM register (Figure II) is used to enable and 
disable the refresh control unit. Furthermore, 
reading 
the register returns the current value of the down coun- 
ter. 


Setting the E bit enables the RCV and loads the value 
of the CDRAM register into the down counter. When- 
ever the E bit is cleared, the refresh control unit is 
disabled and the down counter is cleared. Disabling the 
refresh control unit does not change the contents of the 
refresh address counter (i.e. it is not cleared or initial- 
ized to any specific value). Thus, when the refresh unit 
is again enabled, the address generated will continue 
from where it left off. Resetting the 8OCl86 automati- 
cally clears the E bit. There are no refresh bus cycles 
during a reset. 


The current value of the down counter, as well as the 
present state of the E bit can be examined whenever the 
EDRAM register is read. Any unused bits will be re- 
turned as zero. Whenever the E bit is cleared, the TO 
through T8 bits will be read as zero. 


REFRESH 
CONTROL 
UNIT 
OPERATION 


Figure 12 illustrates the two major operational func- 
tions of the refresh control unit that are responsible for 
initiating and controlling DRAM refresh bus cycles. 


Executed 
~ _ . Every 
, 
Clock 
J.. 
,,, 


The down counter is loaded (with the contents of the 
CORAM register) on the falling edge of CLKOUT, 
either when the EFRSH bit is set or whenever the 
counter decrements to I. Once loaded, the down coun- 
ter will decrement every falling edge of CLKOUT. It 
will continue to decrement as long as the EFRSH bit 
remains set. 


When the down counter finally decrements to I, two 
things will happen. First, a request is generated to the 
BIU to run a refresh bus cycle. The request remains 
active until the bus cycle is run. Second, the down 
counter is reloaded with the value contained in the 
CORAM register. At this time, the down counter will 
again begin counting down every clock cycle, it does 
not wait until the request has been serviced. This is 
done to ensure that each refresh request occurs at the 
correct interval. Otherwise, if the down counter only 
started after the previous request were service, the time 
between refresh requests would also be a function of 
bus activity, which for the most part is unpredictable. 
When the BIU services the refresh request, it will clear 
the request and increment the refresh address. 


The physical address that is generated during a refresh 
bus cycle is shown in Figure 7, and it applies to both 
the 80CI86 and 80C188. For the 80C188, this means 
that the lower address bit AO will not toggle during 
refresh operation. Since the 80CI88 has an 8-bit exter- 
nal bus, AOis used as part of memory address decod- 


ing. Whereas the 80C186, with its 16-bit external bus, 
uses AO (along with BHE) to select memory banks. 
Therefore, when designing 80CI88 memory subsystems 
it is important not to include AOas part of the ROW 
address that is used as a refresh address. Appendix A 
illustrates Memory Address Multiplexing Techniques 
that can be applied to the 80CI86 and the 80C188. 


Under most operating conditions, the frequency of re- 
fresh requests is a small percentage of the bus band- 
width. Still, there are several conditions that may pre- 
vent a refresh request from being serviced before anoth- 
er request is generated. These conditions include: 
I) LOCKED Bus Cycles 
2) Long Bus accesses (wait states) 
3) Bus HOLD 


Whenever the bus is LOCKED, the CPU maintains 
control of the BIU and will not relinquish it until the 
locked operation is complete. Therefore, internal opera- 
tions like refresh and DMA are not allowed to execute 
until the LOCKED instruction has completed. Where 
this presents the greatest problem is when an instruc- 
tion such as a move string is executed, and is locked. 
The move string instruction can take from several 
clocks to hundreds of thousands of clocks to complete. 
Obviouslyanything that takes longer than 512clocks to 
complete will always cause a refresh overflow. 
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Care should be taken not to generate long executing 
instructions that require bus accesses and are locked. 
The refresh request interval can be shortened to com- 
pensate for missing requests. 


The 8OCl86 does not provide any mechanism to abort 
or terminate a bus access in the event ready is not re- 
turned within a specified amount of time (the 8OCl86 
will infinitely wait for ready). Therefore, if a bus access 
is in progress when a refresh request is generated, the 
bus access must complete before the request will be 
serviced. 


Special consideration is given when a refresh request is 
generated and the 8OC186 is currently being held ofT 
the bus due to a HOLD request. 


When another bus master has control of the bus, the 
HLDA signal is kept active as long as the HOLD input 
remains active. If a refresh request is generated while 
HOLD is active, the 80CI86 will remove (drive inac- 
tive) the HLDA signal to indicate to the other bus mas- 
ter that the 80C186 wishes to regain control of the bus 
(see Figure 13). If, and only if, the HOLD input is 
removed will the BIU begin to run the refresh bus cy- 
cle. 


Therefore, it is the responsibility of the system designer 
to ensure that the 80C186can regain the bus if a refresh 
request is signaled. The sequence of HLDA going inac- 
tive while HOLD is active can be used to signal a pend- 
ing refresh request. HOLD need only go inactive for 


one clock period to allow the refresh bus cycle to be 
run. If HOLD is again asserted, the 8OCl86 will give 
up the bus after the refresh bus cycle has been run 
(provided there is not another refresh request generated 
during that time). 


EFFECTS 
OF MISSING 
REFRESH 


REQUESTS 


If a refresh request has not been serviced before another 
request is generated, the new request is not recorded 
and is lost. For instance, if the interval between refresh 
request is 15 microseconds and one request is lost, then 
the time between two requests will be 30 microseconds 
when the next request is finally serviced. In this exam- 
ple, missing one request will add 15 }Josto the total 
refresh time. If it is anticipated that refresh requests 
may be missed (due to programming or system opera- 
tion), then the refresh request interval should be short- 
ened to allow for missed requests. 


Since the BIU is responsible for maintaining the refresh 
address counter, missing a refresh requests does not im- 
ply that refresh addresses are skipped. In fact, an ad- 
dress can never be skipped unless a reset occurs. 


The Internal Refresh Control Unit of the 8OCl86 and 
8OCl88 helps solve three issues concerning DRAM re- 
freshing: a way to generate periodic refresh requests; a 
way to generate refresh addresses; a way to simplify 
DRAM memory controllers. Once a memory controller 
has been designed to handle the simple tasks of reading 
and writing the task of refreshing has already been built 
in. 
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NOTES: 
1. System 
generates 
HOLD request. 


2. HLDA 
is returned 
and 80G186 
floats 
bus/control. 


3. Refresh 
request 
is generated 
internal 
to 80G186. 
4. 80G186 
lowers 
(removes) 
HLDA to signal that it wants 
the bus back. 
5. 80G186 
waits 
until 
HOLD 
is lowered 
(removed) 
for at least 
1 clock 
cycle 
(minimum 
HOLD 
setup 
and 
hold time) 
to 


execute 
the refresh 
bus cycle. 
If HOLD is never lowered, 
the 80G186 
will not take over the bus. 
6. 80G186 
runs the refresh 
bus cycle. 
7. HOLD can be again asserted 
after the 1 clock 
duration. 
8. The refresh 
request 
is cleared 
after the bus cycle 
has been executed. 
9. If HOLD was again asserted, 
the 80G186 
will immediately 
relinquish 
the bus back. 
If no HOLD 
occurred, 
normal 
GPU 


operation 
will resume. 
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APPENDIX 
A 
TYPICAL 
DRAM ADDRESS GENERATION 
CONSIDERATIONS 
FOR 80C186/80C188 


Row Address 
Column Address 


(AO-AX) 
(AO-AX) 


64Kx 
1 
(128K Bytes) 
A1-A8 
A9-A16 


16K x4 
(32K Bytes) 
A1-A8 
A9-A14 


256Kx 
1 
(512K Bytes) 
A1-A9 
A10-A18 


64Kx4 
(128K Bytes) 
A1-A8 
A9-A16 


1M x 1 
(2M Bytes) 
A1-A10 
A11-A19 
(+ Bank) 
256Kx 
4 
(512K Bytes) 
A1-A9 
A10-A18 


NOTE: 


Address bit AO can be used in either RAS or CAS addresses, so long as it is not included in any refresh address 
bits. 


Row Address 
Column Address 


(AO-AX) 
(AO-AX) 


64K x 1 
(64K Bytes) 
A1-A7,AO 
A8-A15 


16K x 4 
(16K Bytes) 
A1-A7,AO 
A8-A13 
256Kx 
1 
(256K Bytes) 
A1-A8,AO 
A9-A17 


64Kx4 
(64K Bytes) 
A1-A8 
AO, A9-A15 
1M x 1 
(1M Byte) 
A1-A9, 
AO 
A10-A19 


256K x4 
(256K Bytes) 
A1-A9 
AO, A10-A17 


RAM Type 
RASAdd 
CAS Add 
Refresh Add 


64Kx 
1 
AO-A7 
AO-A7 
AO-A6 
16Kx4 
AO-A7 
AO-A5 
AO-A6 


256K x 1 
AO-A8 
AO-A8 
AO-A7 


64Kx4 
AO-A7 
AO-A7 
AO-A7 


1M x 1 
AO-A9 
AO-A9 
AO-A8 


256Kx4 
AO-A8 
AO-A8 
AO-A8 
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In many low-cost 80186/80188 designs, dynamic mem- 
ory offers an excellent cost/performance 
advantage. 
However, DRAM interfacing is often complicated by 
the need to perform memory refreshing. This applica- 
tion brief describes how to use the Timer and DMA 
functionality of the 80186/80188 to perform memory 
refresh. 


Dynamic RAM refreshing is accomplished by strobing 
a ROW address to every ROW of the DRAM within a 
given period of time. One way to do this is to perform 
periodic sequential reads to the DRAM using a DMA 
controller and a Timer. This can be achieved with the 
80186/188 by Programming Timer 2 and one of the 
DMA 
channels such that 
the timer generated one 


DMA 
cycle approximately 
every IS micro-seconds. 
Please note that this is a single row refresh method and 
not a burst refresh. Single row refreshing reduces the 
bus overhead considerably when compared to burst re- 
freshing. 


The control logic of the DRAM is such that a RAS 
(row address strobe) occurs on every memory read, re- 
gardless of the address. This is necessary because the 
DMA channel is cycling through the entire I MByte 
address space and the address of the refresh cycle does 
not always fall within the range of the DRAM bank. 


Although 
the address may be outside the DRAM 


range, the lower address bits continue to change and 
roll over to provide the row address. 


Since the DMA controller is cycling through the entire 
I MByte address space, care must be taken to ensure 
that a READY signal is available for all addresses. One 
way to do this is to use only the internal wait state 
generator for memory areas and to strap the SRDY and 
ARDY pins HIGH. Whenever a refresh cycle occurs 
outside of a predefined internal wait state area, the ex- 
ternal ready pins, which are active HIGH, will com- 
plete the bus cycle. 


If it is necessary to use the external ready signals for 
certain memory regions, then it will be necessary to add 
logic which will generate a ready signal whenever the 
address of a refresh cycle falls where there is no memo- 
ry. This can easily be accomplished by either decoding 
a couple of high order address lines, or by AND-ing 


all the chip selects so that READY goes active whenev- 
er all the memory chip selects are inactive (i.e. the cycle 
is not in a valid memory region). 


The absolute maximum overhead can be calculated at a 
given speed by taking the number of refresh cycles di- 
vided by the total number of bus cycles for a given 
period of time. At 8 MHz these values can be calculat- 
ed as follows: 


2 bus cycles 
x 100 = 6.6% maximumoverhead 


15.2 1'-5/500 ns 


In reality, the bus overhead associated with the DMA 
cycles is much lower due to the instruction prefetch 
queue. When a DMA cycle is requested by the timer for 
a refresh cycle, the Bus Interface Unit honors the re- 
quest on the next bus cycle boundary (with the excep- 
tion of LOCKed bus cycles and odd aligned accesses). 
Typically this time is idle time on the bus and the im- 
pact on the overall performance is extremely small. The 
following table shows more realistic data which was 
acquired by running 6 different benchmarks with and 
without the DMA channel enabled to provide refresh 
every 15.2fJ-s. 


Minimum 
Maximum 
Average 


80186 
1.3% 
5.9% 
2.5% 


80188 
2.4% 
6.5% 
3.4% 


The programs which showed the highest bus overhead 
tended to be very bus intensive. Also note that at faster 
frequencies the bus overhead becomes even less. 


The DMA controller is programmed to be source syn- 
chronized with the TC (transfer count) bit cleared. This 
ensures that the DMA controller never reaches a final 
count. 
The source 
pointer 
continues 
to increment 


through memory on every cycle. When FFFFFH 
is 


reached, the address rolls over to OOOOOH 


The programming values for the DNA registers are 
shown in Figure 1. The source pointer may be initial- 
ized to any location since the starting location of the 
refresh is arbitrary. 


inter 


The value of the Transfer Count register is also arbi- 
trary since the TC bit is not set. The DMA channel will 
continue to run cycles upon request from Timer 2 even 
after the Transfer Count register has reached zero. 
Once zero is reached, the Transfer Count register will 
roll over to FFFFH and continue to count down. 


The destination pointer may be set to any available 
memory or I/O location. This pointer must be set so 
that it neither increments nor decrements. Otherwise, 
the address of the deposit cycle would cycle through 
memory or I/O doing writes which could possibly be 
destructive. Thus the INC and DEC bits of the control 
register should be cleared. 


1 
r 


SOURCE SYNCHRONIZED 
.---- 
ACCEPT Tlt.lER REQUEST 
r- 
PROGRAt.lAND START 
+ 
I 
WORD TRANSFER 
~~ 
,-.....t 
543210 


1 1 1 1 1 1 
~ 
I CONTROL 
WORD 


HIGH PRIORITY 
DO NOT INTERRUPT 
DO NOT STOP ON TERt.lINAL COUNT 
----------SOURCE 
= t.lEt.lORY (INCREt.lENT) 
------------DESTlNATlON 
= I/o 
(NO INC/DEC) 


15 
87 
0 
C6H I-----~i-)()()()(-} 


C4H 
AVAILABLE 
110 
LOCATION 
~ 
DESTINATION 
POINTER 
= 


C2H 
COH 


NOTES: 
1. Locations of registers are relative to the base address of the peripheral control block. The offsets shown are for 
ChannelO. 
2. The byte/word bit is a don't care in a 80188 system. In a 80186 system this bit should be set to a 1 to represent word 
transfers. 
3. The transfer count register is located at offset C8H. It is not necessary to program this register. 
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When setting the count value of the timer, keep in mind 
the timer clock is operating at one-fourth the CPU 
clock frequency. Thus, the equation for setting the tim- 
er count is: 
Timer 2 must be programmed to generate a DMA re- 
quest every time a row must be refreshed. Since we are 
not using a burst refresh, the refresh time is divided up 
evenly among the number of rows. For a 2 ms refresh 
DRAM with 128 rows, the time between rows equals 
15.62 microseconds. 


(CPU CLOUT 
FREQ) x (Time Between 
ROWS) 


4 
= COUNT_VALUE 
(decimal) 


For an 8 MHz clock, programming 
the Maximum 


Count Register to lEH provides a 15.2 IJ-srefresh. This 
programming is indicated in Figure 2. 


87 


DON'T 
CARES 
+--1MODE/CONTROL 
WORD I 


CONTINUOUSOPERATION 
DO NOTALTERNATE 
INTERNALCLOCKING 


DO NOTINTERRUPT 


---------------START 
OPERATION 


15 
87 
0 


62H ~ 
+--1 MAX COUNT A REGISTERI 
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EXAMPLE 
1: 
DRAM CONTROL 
WITH 
A DELAY 
LINE 


This is the most straight forward way of implementing 
the RAS and CAS logic. A RAS signal is generated by 
either RD or WR going active while the address is 
within the corresponding range. Normally the logic for 
RAS would also go active for a refresh cycle status, but 
since 
this 
information 
is 
not 
available 
on 
the 
80186/80188, a RAS must be generated for every RD 
and WR, regardless address. 


The MUX s~ 
is used to change from the RAS ad- 
dress to the CAS address after latching with RAS. This 
is accomplished by using a delay line which generates a 
MUX signal by a fixed number of nano-seconds after 
RAS is generated. The important timing here is the 
necessary hold time for the row address into the 
DRAM. 


The MUX signal is initially HIGH which sends the A 
side (see Figure 3) Row address through the multiplex- 


~ 
DllA 
CONTROL 


L... 
TillER 
COUNTER 


er to the DRAM. This address consists of AO through 
A7. The B address (A8 through A16) is selected when 
MUX goes LOW. The system shown in Figure 3 repre- 
sents that of an 80188 system. 


For an 80186 system, the A address would start at AI. 
The least significant address line AO along with BHE 
would be used to decode WE into WEH and WEL 
which will be shown in the second example. Also, the 
186 DMA must be set to do word transfers so that the 
address is incremented by 2 after each refresh cycle. 
This is necessary to ensure Al increments by I every 
refresh cycle. 


CAS is generated in the same manner by delaying the 
MUX signal a fixed number of nano-seconds. Typically 
CAS goes inactive at the same time as RAS to ensure a 
valid CAS precharge time before the next DRAM ac- 
cess. The 80186/188 chip selects are used to ensure that 
CAS only goes active when the address falls within the 
DRAM bank range, and to ensure that CAS does not 
go active during I/O cycles. 


74LS157 
llUX 
A/a 
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EXAMPLE 
2: 
DRAM CONTROL 
WITH 
A PAL * 


This design uses a PAL to generate all the control logic 
for the DRAM array. Internal feedback is used on the 
signals to control the timing and states of the RAS, 
MUX and CAS signals. 


This design uses 2S6k X 4 DRAMs. With minor chang- 
es to the PAL equations this design could just as easily 
make use of 64k X I, 64k X 4, or 2S6k X I DRAMs. 


The RAS signal is generated off ALE going LOW, bus 
cycle status active, and PRE_RAS 
being active. The 


PRE_RAS 
signal is necessary to ensure that a RAS is 


not accidentally generated when S2-S0 are becoming 
valid and ALE has not yet gone HIGH in T4 phase 2. 
PRE_RAS 
does not go active until ALE has gone 


HIGH. 


RAS is initiated for every memory read and write re- 
gardless of the bus cycle address. This ensures a row 


AI-9 


LATCHED 


ADDRESS 
<AI8- 
Al > 


refresh when the refresh address falls outside of the 
DRAM bank and also a refresh to both banks simulta- 
neously so that the frequency of the refresh can be set 
for the number of rows in one bank of DRAM. 


The UCS (Upper Chip Select) from the 80186/188 is 
used to disable DRAM signals when the processor is 
attempting 
to access upper memory control ROM. 


Thus the portion of memory used by the UCS (maxi- 
mum 2S6k) is unavailable in the upper DRAM. How- 
ever, the RAS signal must still be allowed during UCS 
access to ensure refreshing when the DMA refresh cy- 
cle occurs in the UCS region. 


MUX is generated off T2 phase 1 and RAS active. 
MUX will remain low until the current RAS signal 
goes inactive during T3 phase 2. 


CASO and CAS 1 are generated off MUX being active 
and T2 phase 2 of the bus cycle. CAS goes inactive at 
the start of T4 phase 2. 


tolUX 


RAS 


CASO 


A19 


lSL8 
PAL 
CAS1 


PRE_RASH.C• 


WEH 


WEL 


LATCHED 
A19 


DATA 
<15:8> 


RA51 
CASI 
WEL 
07-0 


LOW BYTE 
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,. 
, 
1 
, 
, 
I 
I 


_TCLAv-f! 
r----TC~CL 


) 
ADDRESS VALID X 
VALID DA A 
(WRITE C 
LE) 


.LmV 
~ 
/f!MJjf/ 


,~'\. 
STATUS VALID 
/~/ 
\.~\. 


'\~"" 
TCVCTV 
TCVCTX 


.\OO\\. 
//rJJ//, '//// 


'\.\.' 
Yl 


~ 
M.tmJ\ 


XOO 
ROW xrn 
COLUMN 
X 
~ 


\'ID..\. 
/ 


TOVCL 
t::: 
DATA v'Aiii' 


, 


intJ 


ALE· S2· S1 • SO+ 
ALE • S2 • S1 • SO + 
ALE • S2 • S1 • SO + . 
PRE_RAS • S2 • S1 • SO + 
PRE_RAS • S2 • Sf • SO + 
PRE_RAS • S2 • S1 • SO 
PRE_RAS • ALE S2 • S1 • SO + 
PRE_RAS • ALE S2 • S1 • SO + 
PRE_RAS • ALE S2 • S1 • SO + 
RAS· ClK 
RAS· ClK + 
RAS· MUX 


A19 • MUX • ClK· 
RAS + 
CAST· RD + 
CAS1 • WR + 
CAST· ClK 


A19 ·UCS • MUX· ClK· 
RAS + 
CAS1 • RD + 
CAS1· WR + 
CAS1 • ClK 
WR·AO 
WR· SHE 


8 MHz 
10 MHz 


TCLAV 
55 
50 


TCHlH 
35 
30 


TCHll 
~ 
35 
30 


TCHSV 
55 
45 


TClSH 
65 
50 


TClRl/TCVCTV 
70 
56 


TClRH 
55 
44 


TDVCl 
20 
15 


;INSTRUCTION FETCH 
;READ DATA/REFRESH 
;WRITEDATA 
;KEEP PRE_RAS VALID 
; WHilE STATUS 
;IS VALID 
;INSTRUCTIONFETCH 
;READ DATA/REFRESH 
;WRITEDATA 
;KEEPACTIVE DURING T3A 


The following equations are with reference to given 
clock edge. The edge in reference is indicated by the 
first element in the equation: T3 t = rising edge of T3 
clock ..l. Tl = falling edge of Tl clock. 


DELAY 1 = T1 t + TCHll 
+ (PAL DELAY) 


DELAY 2 = 
..l. T2 + (PAL DELAY) 


DELAY 3 = T2 t + (PAL DELAY) 
DELAY 4 = 
..l. T1 + (PAL DELAY) 


DELAY 5 = 
..l. T3 + TClSH + (PAL DELAY) 


DELAY 6 = 
..l. T1 + TCLAV + (MUX DELAY) 


DELAY 7 = 
..l. T2 + DELAY 2 + (MUX DELAY) 


ACCESS TIME 
FROM RAS = 
2.5 (TCLCLj-DELAY 
1 


-TDVCL 
ACCESS 
TIME 
FROM 
CAS 
1.5 (TCLCLj-DELAY 
3 


-TDVCL 
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High speed digital signals are frequently encountered in 
modern control applications. In addition, there is often 
a requirement for high speed 16-bit and 32-bit precision 
in calculations. The MCSill>-96product line, generically 
referred to as the 8096, is designed to be used in appli- 
cations which require high speed calculations and fast 
I/O operations. 


The 8096 is a 16-bit microcontroller 
with dedicated 


110 subsystems and a complete set of 16-bit arithmetic 
instructions including multiply and divide operations. 
This Ap-note will briefly describe the 8096 in section 2, 
and then give short examples of how to use each of its 
key features in section 3. The concluding sections fea- 
ture a few examples which make use of several chip 
features simultaneously and some hardware connection 
suggestions. Further information on the 8096 and its 
use is available from the sources listed in the bibliogra- 
phy. 


Unlike microprocessors, microcontrollers are generally 
optimized for specific applications. Intel's 8Q48was op- 
timized for general control tasks while the 8051 was 
optimized for 8-bit math and single bit boolean opera- 
tions. The 8096 has been designed for high speedlhigh 
performance control applications. Because it has been 
designed for these applications the 8096 architecture is 
different from that of the 8Q48or 8051. 


There are two major sections of the 8096; the CPU 
section and the I/O section. Each of these sections can 
be subdivided into functional blocks as shown in Figure 
2-1. 


VPO 
ITAL 
1 
.TAL 
2 
ClKOUT 


--~~-~;;~-:=:----------~I: 


~CHIP 


... 
ROM 
I 


• 
A.8US 
II 
I 
I 
I 
I 
I 
I 
I 


Ei 
ALE 
aHE 
iii 
Wii 
READY 
REsn 


I 
I 
__________ 
..1 
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The CPU of the 8096 uses a 16-bit ALU which operates 
on a 256-byte register file instead of an accumulator. 
Any of the locations in the register file can be used for 
sources or destinations for most of the instructions. 
This is called a register to register architecture. Many 
of the instructions can also use bytes or words from 
anywhere in the 64K byte address space as operands. A 
memory map is shown in Figure 2-2. 


EXTERNAL 
MEMORY 


OR 


110 


INTERNAL 
PROGRAM 


STORAGE 
ROM 


FACTORY 
TEST CODE 
• 
INTERRUPT 
VECTORS 
0 


PORT 4 
PORT 3 


EXTERNAL 
MEMORY 
OR 
1,0 


INTERNAL 
RAM 
REGISTER 
FILE 
STACK 
POINTER 
SPECIAL 
FUNCTION 
REGISTERS 


(WHEN ACCESSED 
AS 
DATA MEMORV) 


In the lower 24 bytes of the register file are the register- 
mapped 
I/O 
control 
locations, 
also called 
Special 


Function Registers or SFRs. These registers are used to 
control the on-chip I/O features. The remaining 232 
bytes are general purpose RAM, the upper 16 of which 
can be kept alive using a low current 
power-down 


mode. 


EXTERNAL 
MEMORY 
RESERVED 
FOR USE BY INTEL DEVELOPMENT 
SYSTEMS 
(WHEN ACCESSED 
AS 
PROGRAM 


MEMORY) 


intJ 


Figure 2-3 shows the layout of the register mapped 
I/O. Some of these registers serve two functions, one if 
they are read from and another if they are written 


to. More information about the use of these registers is 
included in the description of the features which they 
control. 


OFFH 
255 


POWEA·OOWN 
AAM 


OFOH 
240 
OEFH 
23. 


INTEANAL 
~ 
AEGISTEA 
FILE 


'AJ 


(AAM) I. 


STACK 
POINTEA 


IOS1 


1050 


AESEAVED 


SP_STAT 


10 POAT 
2 


10 POAT 
1 


10 POAT 0 


TlMEA2 
(HI) 


TIMEA2 
(LO) 


TIMEA1 
(HI) 


TlMEA1 
(LO) 


INT_PENOING 


INT 
MASK 


SaUF 
(AX) 


HSI 
STATUS 


HSI 
TIME (HI) 


HSLTIME 
(LO) 


AD 
AESULT 
(HI) 


AD_AESULT 
(LO) 


M(HI) 


AD (LO) 


STACK 
POINTE A 


PWM_CONTAOL 


IOC1 


lOCO 


AESEAVED 


SP_CON 


10 POAT 2 


10 POAT 
1 


BAUD_AATE 


RESERVED 


WATCHDOG 


INT_PENDING 


INT 
MASK 


SBUF (TX) 


HSO_COMMAND 


HSO 
TIME (HI) 


HSO_TlME 
(LO) 


HSLMODE 


AD_COMMAND 


RO (HI) 


RO (LO) 
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Many of the I/O features on the 8096 are designed to 
operate with little CPU intervention. A list of the major 
I/O functions is shown in Figure 2-4. The Watchdog 
Timer is an internal timer which can be used to reset 
the system if the software fails to operate properly. The 
Pulse-Width-Modulation 
(PWM) output can be used as 
a rough D to A, a motor driver, or for many other 
purposes. The A to D converter (ADC) has 8 multi- 
plexed inputs and lO-bit resolution. The serial port has 
several modes and its own baud rate generator. The 
High Speed I/O section includes a 16-bit timer, a 16-bit 
counter, a 4-input programmable edge detector, 4 soft- 
ware timers, and a 6-output programmable event gener- 
ator. All of these features will be described in section 
2.3. 


The 8096 has 100 instructions, some of which operate 
on bits, some on bytes, some on words and some on 
longs (double words). All of the standard logical and 
arithmetic 
functions are available for both byte and 


word operations. Bit operations and long operations are 
provided for some instructions. There are also flag ma- 
nipulation instructions as well as jump and call instruc- 
tions. A full set of conditional jumps has been included 
to speed up testing for various conditions. 


Bit operations are provided by the Jump Bit and Jump 
Not Bit instructions, as well as by immediate masking 
of bytes. These bit operations can be performed on any 
of the bytes in the register file or on any of the special 
function registers. The fast bit manipulation 
of the 
SFRs can provide rapid I/O operations. 


A symmetric set of byte and word operations make up 
the majority of the 8096 instruction set. The assembly 
language for the 8096 (ASM-96) uses a "B" suffix on a 
mnemonic to indicate a byte operation, without this 
suffix a word operation is indicated. Many of these op- 
erations can have one, two or three operands. An exam- 
ple of a one operand instruction would be: 


MUL 
Value3,Value2,Value1; 


Value3 
: = Value2' 
Value1 


The three operand instructions combined with the reg- 
ister to register architecture almost eliminate the neces- 
sity of using temporary registers. This results in a faster 
processing time than machines that have equivalent in- 
struction execution times, but use a standard architec- 
ture. 


Long (32-bit) operations include shifts, normalize, and 
multiply and divide. The word divide is a 32-bit by 16- 
bit operation with a 16-bit quotient and 16-bit remain- 
der. The word multiply is a word by word multiply 
with a long result. Both of these operations can be done 
in either the signed or unsigned mode. The direct un- 
signed modes of these instructions take only 6.5 micro- 
seconds. A normalize instruction and sticky bit flag 
have been included in the instruction set to provide 
hardware support for the software floating point pack- 
age (FPAL-96). 


Major I/O Functions 


High Speed Input Unit 
Provides Automatic 
Recording 
of Events 


High Speed Output Unit 
Provides Automatic 
Triggering 
of Events and Real-Time 
Interrupts 


Pulse Width Modulation 
Output to Drive Motors or Analog Circuits 


A to D Converter 
Provides Analog Input 


Watchdog 
Timer 
Resets 8096 if a Malfunction 
Occurs 


Serial Port 
Provides Synchronous 
or Asynchronous 
Link 


Standard 
I/O Lines 
Provide Interface 
to the External World when other Special Features 


are not needed 
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Mnemonic 
Oper- 
Operation 
(Note 
1) 
Flags 
Notes 
ands 
Z 
N 
C 
V 
VT 
ST 


AOO/AOOB 
2 
O+-O+A 
'" 
'" 
'" 
'" 
t 
- 


AOO/AOOB 
3 
O+-B+A 
'" 
'" 
'" 
'" 
t 
- 


AOOC/AOOCB 
2 
o +- 
0 + A +C 
J. 
'" 
'" 
'" 
t 
- 


SUB/SUBB 
2 
O+-O-A 
'" 
'" 
'" 
'" 
t 
- 


SUB/SUBB 
3 
O+-B-A 
'" 
'" 
'" 
'" 
t 
- 


SUBC/SUBCB 
2 
0+-0-A+C-1 
J. 
'" 
'" 
'" 
t 
- 


CMP/CMPB 
2 
O-A 
'" 
'" 
'" 
'" 
t 
- 


MUL/MULU 
2 
0.0 
+ 2 +- 
0' 
A 
- 
- 
- 
- 
- 
? 
2 


MUL/MULU 
3 
0,0 
+ 2 +- 
B' A 
- 
- 
- 
- 
- 
? 
2 


MULB/MULUB 
2 
0,0 
+ 1 +- 
O'A 
- - - - 
- 
? 
3 


MULB/MULUB 
3 
0,0 
+ 1 +- 
B'A 
- 
- - - 
- 
? 
3 


OIVU 
2 
o +- 
(0, 0 + 2)/ A, 0 + 2 +- 
remainder 
- 
- 
- 
'" 
t 
- 
2 


OIVUB 
2 
o +- 
(0,0+ 
l)/A, 0 + 1 +- 
remainder 
- 
- 
- 
'" 
t 
- 
3 


OIV 
2 
o +- 
(0, 0 + 2)/ A, 0 + 2 +- 
remainder - 
- 
- 
? 
t 
- 
2 


OIVB 
2 
o +- 
(0,0+ 
l)/A, 0 + 1 +- 
remainder 
- 
- 
- 
? 
t 
- 
3 


ANO/ANOB 
2 
o +- 
OandA 
'" 
'" 
0 
0 
- 
- 


ANO/ANOB 
3 
o +- 
BandA 
'" 
'" 
0 
0 
- 
- 


OR/ORB 
2 
o +- 
DorA 
'" 
'" 
0 
0 
- 
- 


XOR/XORB 
2 
'0 
+- o (excl. or) A 
'" 
'" 
0 
0 
- 
- 


LO/LOB 
2 
O+-A 
- 
- 
- 
- 
- 
- 


ST/STB 
2 
A+-O 
- 
- 
- 
- 
- 
- 


LOBSE 
2 
O+-A;O+l 
+- 
SIGN(A) 
- 
- 
- 
- 
- 
- 
3,4 


LOBZE 
2 
0+-A;0+1+-0 
- 
- 
- 
- 
- - 
3,4 


PUSH 
1 
SP +- 
SP - 2; (SP) +- 
A 
- 
- 
- 
- 
- 
- 


POP 
1 
A +- 
(SP);SP +- 
SP + 2 
- 
- - - 
- 
- 


PUSHF 
0 
SP +- 
SP - 2; (SP) +- 
PSW; 
0 
0 
0 
0 
0 
0 
PSW +- 
OOOOH 
I+-O 


POPF 
0 
PSW +- 
(SP);SP +- 
SP + 2; 
I+-'" 
'" 
'" 
'" 
'" 
'" 
'" 


SJMP 
1 
PC +- 
PC + 11-bit offset 
- 
- - - 
- 
- 
5 


LJMP 
1 
PC +- 
PC + 16-bit offset 
- - - 
- 
- 
- 
5 


BR (indirect) 
1 
PC +- 
(A) 
- 
- 
- 
- 
- 
- 


SCALL 
1 
SP +- 
SP - 2; (SP) +- 
PC; 
- 
- 
- 
- 
- 
- 
5 


PC +- 
PC + 11-bit offset 


LCALL 
1 
SP +- 
SP - 2; (SP) +- 
PC; 
- - - 
- 
- 
- 
5 


PC +- 
PC + 16-bit offset 


RET 
0 
PC +- 
(SP);SP +- 
SP + 2 
- 
- 
- 
- 
- 
- 


J (conditional) 
1 
PC +- 
PC + 8-bit offset (if taken) 
- - 
- 
- 
- 
- 
5 


JC 
1 
JumpifC = 1 
- 
- 
- 
- 
- 
- 
5 
JNC 
1 
Jump ifC = 0 
- 
- 
- 
- 
- 
- 
5 


JE 
1 
Jump ifZ = 1 
- 
- 
- 
- 
- 
- 
5 


NOTES: 
1, If the mnemonic ends in "B", a byte operation is performed, otherwise a word operation is done. Operands 0, B, and A 
must conform to the alignment rules for the required operand type. 0 and B are locations in the register file; A can be 
located anywhere in memory. 
2. 0, 0 + 2 are consecutive WORDS in memory; 0 is DOUBLE-WORD aligned. 
3. 0, 0 + 1 are consecutive BYTES in memory; 0 is WORD aligned. 
4. Changes a byte to a word. 
5. Offset is a 2's complement number. 
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Mnemonic 
Oper- 
Operation 
(Note 1) 
Flags 
Notes 


ands 
Z 
N 
C 
V 
VT 
ST 


JNE 
1 
Jump ifl 
= 0 
- 
- - - 
- 
- 
5 


JGE 
1 
Jump if N = 0 
- 
- 
- - 
- 
- 
5 


JLT 
1 
Jump ifN = 1 
- 
- 
- 
- 
- 
- 
5 


JGT 
. 
1 
Jump if N = 0 and l = 0 
- - - 
- 
- 
- 
5 


JLE 
1 
Jump if N = 1 orl = 1 
- 
- 
- - 
- 
- 
5 


JH 
1 
JumpifC = 1 andl 
= 0 
- 
- - - 
- - 
5 


JNH 
1 
JumpifC = Oorl = 1 
- 
- 
- 
- - 
- 
5 


JV 
1 
Jump if V = 1 
- 
- 
- 
- - 
- 
5 


JNV 
1 
Jump if V = 0 
- - - - - 
- 
5 


JVT 
1 
Jump if VT = 1; Clear VT 
- - - - 
0 
- 
5 


JNVT 
1 
Jump if VT = 0; Clear VT 
- 
- 
- 
- 
0 
- 
5 


JST 
1 
Jump if ST = 1 
- 
- 
- 
- 
- 
- 
5 


JNST 
1 
JumpifST = 0 
- - - - 
- 
- 
5 


JSS 
3 
Jump if Specified Sit = 1 
- - - - - 
- 
5,6 


JSC 
3 
Jump if Specified Sit = 0 
- - - - 
- 
- 
5,6 


DJNl 
1 
D - 
D-1;ifD*Othen 
PC - 
PC + 8-bit offset 
- 
- 
- - 
- 
- 
5 


DEC/DECB 
1 
D-D-1 
, 
" " " " 
i 
- 


NEG/NEGB 
1 
D-O-D 
" " " " 
i 
- 
INC/INCS 
1 
D - 
D+1 
" " " " 
i 
- 


EXT 
1 
D - 
D; D + 2 - 
Sign (D) 
" " 
0 
0 
- 
- 
2 


EXTB 
1 
D - 
D; D + 1 - 
Sign (D) 
" " 
0 
0 
- 
- 
3 


NOT/NOTB 
1 
D - 
Logical Not (D) 
" " 
0 
0 
- 
- 
CLR/CLRS 
1 
D-O 
1 
0 
0 
0 
- 
- 
SHLISHLS/SHLL 
2 
C - 
msb-----Isb 
- 
0 
" 
? 
" " 
i 
- 
7 


SHRISHRB/SHRL 
2 
0- 
msb-----Isb 
- 
C 
" 


? " 
0 
- 
" 
7 


SHRA/SHRAS/SHRAL 
2 
msb - 
msb-----Isb 
- 
C 
" " " 
0 
- 
" 


7 


SETC 
0 
C-1 
- - 
1 
- 
- 
- 
CLRC 
0 
C-O 
- - 
0 
- 
- 
- 
CLRVT 
0 
VT - 
0 
, 
- - - - 
0 
- 
RST 
0 
PC - 
2080H 
0 
0 
0 
0 
0 
0 
8 


DI 
0 
Disable All Interrupts (I - 
0) 
- - - - - 
- 
EI 
0 
Enable All Interrupts (I - 
1) 
- 
- 
- - 
- 
- 
NOP 
0 
PC-PC+1 
- - - - - 
- 
SKIP 
0 
PC-PC+2 
- - - - 
- 
- 
NORML 
2 
Left Shift Till msb = 1; D - 
shift count " 
? 
0 - - 
- 
7 


TRAP 
0 
SP - 
SP - 2; (SP) - 
PC 
PC - 
(2010H) 
- - - - 
- 
- 
9 


NOTES: 
1. If the mnemonic ends in "S", a byte operation is performed, otherwise a word operation is done. Operands D, B, and A 
must conform to the alignment rules for the required operand type. D and S are locations in the register file; A can be 
located anywhere in memory. 
5. Offset is a '2's complement number. 
6. Specified bit is one of the 2048 bits in the register file. 
7. The "L" (Long) suffix indicates double-word operation. 
8. Initiates a Reset by pulling RESET low. Software should re-initialize all the necessary registers with code starting at 
2080H. 
9. The assembler will not accept this mnemonic. 


inter 


One operand of most of the instructions can be used 
with anyone 
of six addressing modes. These modes 
increase the flexibility and overalI execution speed of 
the 8096. The addressing modes are: register-direct, im- 
mediate, indirect, 
indirect with auto-increment, 
and 


long and short indexed. 


The fastest instruction execution is gained by using ei- 
ther register direct or immediate addressing. Register- 
direct addressing is similar to normal direct addressing, 
except that only addresses in the register file or SFRs 
can be addressed. The indexed mode is used to directly 
address the remainder of the 64K address space. Imme- 
diate addressing operates as would be expected, using 
the data folIowing the opcode as the operand. 


Both of the indirect addressing modes use the value in a 
word register as the address of the operand. If the indi- 
rect auto-increment mode is used then the word register 
is incremented by one after a byte access or by two after 
a word access. This mode is particularly useful for ac- 
cessing lookup tables. 


Access to any of the locations in the 64K address space 
can be obtained by using the long indexed addressing 


mode. In this mode a l6-bit 2's complement value is 
added to the contents of a word register to form the 
address of the operand. By using the zero register as the 
index, ASM96 (the assembler) can accept "direct" ad- 
dressing to any location. The zero register is located at 
OOOOH and always has a value of zero. A short indexed 
mode is also available to save some time and code. This 
mode uses an 8-bit 2's complement number as the offset 
instead of a l6-bit number. 


The multiple addressing modes of the 8096 make it easy 
to program in assembly language and provide an excel- 
lent interface to high level languages. The instructions 
accepted by the assembler consist of mnemonics fol- 
lowed by either addresses or data. A list of the mne- 
monics and their functions are shown in Figure 2-5. 
The addresses or data are given in different formats 
depending on the addressing mode. These modes and 
formats are shown in Figure 2-6. 


Additional information on 8096 assembly language is 
available in the 
MCS-96 
Macro 
Assembler 
Users 


Guide, listed in the bibliography. 


Mnem 
Dest or Src1 
; One operand direct 


Mnem 
Dest, Src1 
; Two operand direct 
Mnem 
Dest, Src1, Src2 
Three operand direct 


Mnem 
#Src1 
; One operand immediate 


Mnem 
Dest, #Src1 
; Two operand immediate 


Mnem 
Dest, Src1, #Src2 
; Three operand immediate 


Mnem 
[addr] 
; One operand indirect 
Mnem 
[addr] + 
; One operand indirect auto-increment 


Mnem 
Dest, [addr] 
; Two operand indirect 
Mnem 
Dest, [addr] + 
; Two operand indirect auto-increment 


Mnem 
Dest, Src1, [addr] 
; Three operand indirect 


Mnem 
Dest, Src1, [addr] + 
; Three operand indirect auto-increment 


Mnem 
Dest, offs [addr] 
; Two operand indexed (short or long) 


Mnem 
Dest, Src1, offs [addr] 
; Three operand indexed (short or long) 


Where: "Mnem" is the instruction mnemonic 


"Dest" is the destination register 
"Src1", "Src2" are the source registers 
"addr" is a register containing a value to be used in computing the address of an operand 
"offs" is an offset used in computing the address of an operand 


intJ 


,.--- 
IOCI.I 


EXTlNT ~~--------EXT1NT 
ACH.7 
--0 


T1FLAG -----------sERIAL 
PORT 
RI FLAG ---.J 


,.--- 
HsO_COMMAND.4 
-.lo~--------SOFTWARE TIMER 


SOFTWARE TIMER 0 ~ 
SOFTWARE TIMER I 
SOFTWARE TIMER 2 
SOFTWARE TIMER 3 
RESET TIMER 2" 
START AID CONVERSION" 


,.--- 
HsQ...COMMAND.4 


ANY HsO OPERATION ~ 
~ •• -------- 
HIGH SPEED OUTPUTS 


,.---IOCI.7 


FIFO IS FULL ~ 
Hsi DATA AVAILABLE 
HOLDING REGISTER LOADED_ 


,.---IOC1.2 
I 


TlMERI 
OVERFLOW 
_ 
:~----~- 
TIMER OVERFLOW 


TlMER2 OVERFLOW ~ 
'lo",•• _----~ 
I 


"Only _n 
In"latM 
by the HsO unit. 
L 
IOCI.3 


The flexibility of the instruction set is carried through 
into the interrupt system. There are 20 different inter- 
rupt sources that can be used on the 8096. The 20 
~ources vector through 8 locations or interrupt vectors. 
The vector names and their sources are shown in Fig- 
ure 2-7, with their locations listed in Figure 2-8. Con- 
trol of the interrupts is handled through the Interrupt 
Pending Register (INT_PENDING), 
the Interrupt 


Mask Register (INT_MASK), 
and the I bit in the 


PSW (PSW.9). Figure 2-9 shows a block diagram of the 
interrupt 
structure. 
The 
INT_PENDING 
register 


contains bits which get set by hardware when an inter- 
rupt occurs. If the interrupt mask register bit for that 
source is a 1 and PSW.9 = I, a vector will be taken to 
the address listed in the interrupt vector table for that 


Vector 


Source 
Location 


(High 
(Low 
Priority 


Byte) 
Byte) 


Software 
2011H 
2010H 
Not Applicable 


Extint 
200FH 
200EH 
7 (Highest) 


Serial Port 
200DH 
200CH 
6 


Software 
Timers 
200BH 
200AH 
5 


HSI.O 
2009H 
2008H 
4 


High Speed 
2007H 
2006H 
3 


Outputs 
HSI Data 
2005H 
2004H 
2 


Available 
AID 
Conversion 
2003H 
2002H 
1 


Complete 
Timer Overflow 
2001H 
2000H 
o (Lowest) 


.l1e ,Ullware can maKeme naraware mterrupts work in 
almost any fashion desired by having each routine run 
with its own setup in the INT _MASK 
register. This 


will be clearly seen in the examples in section 4 which 
change the priority of the vectors in software. The 


bit is cleared. If more than one bit is set in the INT_ 
PENDING 
register with the corresponding bit set in 


the INT_MASK 
register, the Interrupt with the high- 


est priority shown in Figure 2-8 will be executed. 


SOFTWARE 


TIMERS 


5 


TIMER 
OVERFLOW 


o 


EXTlNT 


7 


07 I 06 I 05 I 04 I 03 I 02 I 01 I 00 


INT_MASK 


WHERE: 


Z is the zero flag. 
It is set when 
the result 
of an operation 
is zero. 


H is the negative 
flag. 
It is set to the algebraically 
correct 
sign of the result 
regardless 
of overflows. 


V is the overflow 
flag. It is set if an overflow 
occurs. 


VT is the overflow 
trap flag. 
It is set when 
the VT flag is set and cleared 
by JVT, JNVT, 
or CLRVT. 


C is the carry 
flag. 
It is set if a carry 
was generated 
by the prior operation. 


I is the global 
interrupt 
enable 
bit. 


ST is the sticky 
bit. It is set during 
a right shift 
if a one was shifted 
into and then 
out of the carry 
flag. 


INT-MASK 
is the interrupt 
mask 
register 
and contains 
bits which 
individually 
enable 
the B interrupt 
vectors. 


PSW (shown in Figure 2-10), stores the INT_MASK 
register in its lower byte so that the mask register can 
be pushed and popped along with the machine status 
when moving in and out of routines. The action of 
pushing flags clears the PSW which includes PSW.9, 
the interrupt enable bit. Therefore, after a PUSHF in- 
struction interrupts are disabled. In most cases an inter- 
rupt service routine will have the basic structure shown 
below. 


PUSHF 
LDB 
INT_MASK, 
#xxxxxxxxB 


EI 


POPF 
RET 


The PUSHF instruction saves the PSW including the 
old INT_MASK 
register. The PSW, including the in- 


terrupt enable bit are left cleared. If some interrupts 
need to be enabled while the service routine runs, the 
INT_MASK 
is loaded with a new valu~ and inter- 


rupts are globally enabled before the service routine 
continues. At the end of the service routine a POPF in- 


struction is executed to restore the old PSW. The RET 
instruction is executed and the code returns to the de- 
sired location. Although the POPF instruction can en- 
able the interrupts the next instruction will always exe- 
cute. This prevents unnecessary building of the stack by 
ensuring that the RET always executes before another 
interrupt vector is taken. 


All of the on-chip I/O features of the 8096 can be ac- 
cessed through the special function registers, as shown 
in Figure 2-3. The advantage of using register-mapped 
I/O is that these registers can be used as the sources or 
destinations of CPU operations. There are seven major 
I/O functions. Each one of these will be considered 
with a section of code to exemplify its usage. The first 
section covered will be the High Speed I/O, (HSIO), 
subsystem. This section includes the High Speed Input 
(HSI) unit, High Speed Output (HSO) unit, and the 
Timer/Counter 
section. 


The 8096 has two time bases, Timer I and Timer 2. 
Timer I is a 16-bit free running timer which is incre- 
mented every 8 state times. (A state time is 3 oscillator 
periods, or 0.25 microseconds with a 12 MHz crystal.) 


HSI.O 
HSI.l 
HSI.2 
HSI.3 
LHITOLO 


____ 
..Jr 
LO TO HI 


2.0 "S 
CLOCK 


TRIGGERED 


CHANGE 
INPUTIS) 


DETECTOR 


• Pulse 
measurement 
with 
2.0 J.l.sec 
resolution 
• Input transitions trigger the recording of the reference 
Timer (16-bil) and triggered input(s) (4-bit) 


Its value can be read at any time and used as a refer- 
ence for both the HSI section and the HSO section. 
Timer I can cause an interrupt when it overflows, and 
cannot be modified or stopped without resetting the 
entire chip. Timer 2 is really an event counter since it 
uses an external clock source. Like Timer I, it is 16-bits 
wide, can be read at any time, can be used with the 
HSO section, and can generate an interrupt when it 
overflows. Control of Timer 2 is limited to increment- 
ing it and resetting it. Specific values can not be written 
to it. 


Although the 8096 has only two timers, the timer flexi- 
bility is equal to a unit with many timers thanks to the 
HSIO unit. The HSI enables one to measure times of 
external events on up to four lines using Timer I as a 
timer base. The HSO unit can schedule and execute 
internal events and up to six external events based on 
the values in either Timer I or Timer 2. The 8096 also 
includes separate, dedicated timers for the baud rate 
generator and watchdog timer. 


The HSI unit can be thought of as a message taker 
which records the line which had an event and the time 
at which the event occurred. Four types of events' can 
trigger the HSI unit, as shown in the HSI block dia- 
gram in Figure 2-11. The HSI unit can measure pulse 
widths 
and 
record 
times 
of 
events 
with 
a 
2 


HSI.O MOOE 


HSI.1 MODE 


HSI.2 MODE 


HSI.3 MODE 


270061-7 


Where each 2-bil mode control field 
defines one of 4 possible modes: 


00 
8 positive transitions 
01 
Each positive transition 
10 
Each negative transition 
11 
Every transition (positive and negative) 


inter 


microsecond resolution. It can look for one of four 
events on each of four lines simultaneously, based on 
the information in the HSI Mode register, shown in 
Figure 2-12. The information is then stored in a seven 
level FIFO for later retrieval. Whenever the FIFO con- 
tains information, the earliest entry is placed in the 
holding register. When the holding register is read, the 
next valid piece of information is loaded into it. Inter- 
rupts can be generated by the HSI unit at the time the 


holding register is loaded or when the FIFO has six or 
more entries. 


Just as the HSI can be thought'of as a message taker, 
the HSO can be thought of as a message sender. At 
times determined by the software, the HSO sends mes- 


~5 
HSO.O - H8O.5 
6 
HSO.O AND HSO.1 


7 
HSO.2 AND HSO.3 
1-8 
SOFTWARE 
TIMERS 


E 
RESET nMER 
2 


F 
START AID CONVERSION 
INTERRUPTIHO 
INTERRUPT 
SET/CLEAR 
nMER 
2/TIMER 
1 


HIGH SPEED OUTPUT 
CONTROLS 


6 PINS 
4 SOFTWARE 
nMERS 


2 INTERRUPTS 
INITIATE AID CONVERSION 


RESET nMER 
2 


sages to various devices to have them turn on, turn off, 
start processing, or reset. Since the programmed times 
can be referenced to either Timer I or Timer 2, the 
HSO makes the two timers look like many. For exam- 
ple, if several events have to occur at specific times, the 
HSO unit can schedule all of the events based on a 
single timer. The events that can be scheduled to occur 
and the format of the command written to the HSO 
Command register are shown in Figure 2-13. 


The software timers listed in the figure are actually 4 
software flags in I/O Status Register I (IOS I). These 
flags can be set, and optionally cause an interrupt, at 
any time based on Timer I or Timer 2. In most cases 
these timers are used to trigger interrupt routines which 
must occur at regular intervals. A multitask process 
can easily be set up using the software timers. 


SP_STAT 


(READ 
ONLY) 


NOTE: 
TI and RI are cleared 
when 
SP_CON 
is read. 


A CAM (Content 
Addressable Memory) file is the 


main component of the HSO. This file stores up to 
eight events which are pending to occur. Every state 
time one location of the CAM is compared with the 
two timers. After 8 state times, (two microseconds with 
a 12 MHz clock), the entire CAM has been searched 
for time matches. If a match occurs the specified event 
will be triggered and that location of the CAM will be 
made available for another pending event. A block dia- 
gram of the HSO unit is shown in Figure 2-14. 


Controlling a device from a remote location is a simple 
task that frequently requires additional hardware with 
many processors. The 8096 has an on-chip serial port to 
reduce the total number of chips required in the system. 


SP_CON 


(WRITE 
ONLY) 


M2. Ml 
SPECIFIES 
THE MODE; 


0.0 
= MODE 0 
0.1 
= MODE 1 
1.0 
= MODE 2 
1.1 
= MODE 3 


REN 
ENABLES 
THE RECEIVE FUNCTION; 


TBe 
PROGRAMS 
THE 9TH DATA BIT (IF NOT PARITY) ON 
TRANSMISSION; 


TI 
IS THE TRANSMIT 
INTERRUPT 
FLAG; 


RBe 
IS THE nH 
DATA BIT RECEIVED (IF NOT PARITY); 


RPE 
IS THE PARITY 
ERROR INDICATOR 
(IF PARITY ACTIVE). 


270061-10 
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The serial port is similar to that on the MCS-51 prod- 
uct line. It has one synchronous and three asynchro- 
nous modes. In the asynchronous modes baud rates of 
up to 187.5 Kbaud can be used, while in the synchro- 
nous mode rates up to 1.5 Mbaud are available. The 
chip has a baud rate generator which is independent of 
Timer 1 and Timer 2, so using the serial port does not 
take away any of the HSI, HSO or timer flexibility or 
functionality. 


Control 
of the serial port is provided through 
the 


SPCON/SPST AT (Serial Port CONtrol/Serial 
Port 


STATus) register. This register, shown in Figure 2-15, 
has some bits which are read only and others which are 
write only. Although the functionality of the port is 
similar to that of the 8051, the names of some of the 
modes and control bits are different. The way in which 
the port is used from a software standpoint 
is also 


slightly different since RI and TI are cleared after each 
read of the register. 


The four modes of the serial port are referred to as 
modes 0, 1,2 and 3. Mode 0 is the synchronous mode, 
and is commonly used to interface to shift registers for 
I/O expansion. In this mode the port outputs a pulse 
train on the TXD pin and either transmits or receives 
data on the RXD pin. Mode 1 is the standard asyn- 
chronous mode, 8 bits plus a stop and start bit are sent 
or received. Modes 2 and 3 handle 9 bits plus a stop and 
start bit. The difference between the two is, that in 
Mode 2 the serial port interrupt will not be activated 
unless the ninth data bit is a one; in Mode 3 the inter- 
rupt is activated whenever a byte is received. These two 
modes are commonly used for interprocessor communi- 
cation. 


Using XTAL1: 


Mod 
O. Baud _ XTAL1 frequency. 
e 
. Rate - 
4'(B+1) 
,B" 
0 


Others' 
Baud = XTAL1 frequency 


. Rate 
64'(B+1) 


Using T2CLK: 


M d 
O. Baud _ T2CLK frequency. 
o e 
. Rate - 
B 
' B •• 0 


Oth 
. Baud _ T2CLK frequency. 
ers. 
Rate - 
16'B 
' B •• 0 


Note that B cannot equal 0, except when using 
XTAL1 in other than mode O. 


Baud rates for all of the modes are controlled through 
the Baud Rate register. This is a byte wide register 
which is loaded sequentially with two bytes, and inter- 
nally stores the value as a word. The least significant 
byte is loaded to the register followed by the most sig- 
nificant. The most significant bit of the baud value de- 
termines the clock source for the baud rate generator. If 
the bit is a one, the XTALl pin is used as the source, if 
it is a zero, the T2 CLK pin is used. The formulas 
shown in Figure 2-16 can be used to calculate the baud 
rates. The variable "B" is used to represent the least 
significant 15bits of the value loaded into the baud rate 
register. 


The baud rate register values for common baud rates 
are shown in Figure 2-17. These values can be used 
when XTALI is selected as the clock source for serial 
modes other than Mode O. The percentage deviation 
from theoretical is listed to help assess the reliability of 
a given setup. In most cases a serial link will work if 
there is less than a 2.5% difference between the baud 
rates of the two systems. This is based on the assump- 
tion that 10 bits are transmitted per frame and the last 
bit of the frame must be valid for at least six-eights of 
the bit time. If the two systems deviate from theoretical 
by 1.25% in opposite directions the maximum toler- 
ance of 2.5% will be reached. Therefore, caution must 
be used when the baud rate deviation 
approaches 


1.25% from theoretical. Note that an XTALI frequen- 
cy of 11.0592 MHz can be used with the table values 
for 11 MHz to provide baud rates that have 0.0 percent 
deviation from theoretical. In most applications, how- 
ever, the accuracy available when using an II MHz 
input frequency is sufficient. 


Serial port Mode I is the easiest mode to use as there is 
little to worry about except initialization and loading 
and unloading SBUF, the Serial port BUFfer. If parity 
is enabled, (i.e., PEN = 1), 7 bits plus even parity are 
used instead of 8 data bits. The parity calculation is 
done in hardware for even parity. Modes 2 and 3 are 
similar to Mode 1, except that the ninth bit needs to be 
controlled and read. It is also not possible to enable 
parity in Mode 2. When parity is enabled in Mode 3 the 
ninth bit becomes the parity bit. If parity is not enabled, 
(i.e., PEN = 0), the TB8 bit controls the state of the 
ninth transmitted bit. This bit must be set prior to each 
transmission. On reception, if PEN = 0, the RB8 bit 
indicates the state of the ninth received bit. If parity is 
enabled, (i.e., PEN = 1), the same bit is called RPE 
(Receive Parity Error), and is used to indicate a parity 
error. 


XTAL 1 Frequency 
= 12.0 MHz 


Baud Rate 
Baud Register 
Value 
Percent 
Error 


19.2K 
, 
8009H 
+2.40 
9600 
8013H 
+2.40 


4800 
8026H 
• 
-0.16 
2400 
804DH 
-0.16 


1200 
809BH 
-0.16 


, 
300 
8270H 
0.00 


XT AL 1 Frequency 
= 11.0 MHz 
19.2K 
8008H 
+0.54 
9600 
8011 H 
+0.54 
4800 
8023H 
+0.54 
2400 
8047H 
+0.54 
1200 
808EH 
-0.16 
300 
823CH 
+0.01 


XTAL 1 Frequency 
= 10.0 MHz 
19.2K 
8007H 
-1.70 
9600 
800FH 
-1.70 
4800 
8020H 
+1.38 
2400 


- 
8040H 
-0.16 
1200 
8081H 
. 
-0.16 
300 
8208H 
+0.03 


The software used to communicate between processors 
is simplified by making use of Modes 2 and 3. In a basic 
protocol the ninth bit is called the address bit. If it is set 
high then the information in that byte is either the ad- 
dress of one of the processors on the link, or a com- 
mand for all the processors. If the bit is a zero, the byte 
contains information for the processor or processors 
previously addressed. In standby mode all processors 
wait in Mode 2 for a byte with the address bit set. 
When they receive that byte, the software determines if 
the next message is for them. The processor that is to 


receive the message switches to Mode 3 and receives 
the information. Since this information is sent with the 
ninth bit set to zero, none of the processors set to Mode 
2 will be interrupted. By using this scheme the overall 
CPU time required for the serial port is minimized. 


A typical connection diagram for the multi-processor 
mode is shown in Figure 2-18. This type of communica- 
ton can be used to connect peripherals to a desk top 
computer, the axis of a multi-axis machine, or any oth- 
er group of microcontrollers jointly performing a task. 


{ 


-CALCULATE 
COOROINATE TRANSFORMS 


- 
DETERMINE VECTOR ENDPOINTS AND 
TRAVEL TIMES 
- 
PROVIDE USER INTERFACE 


{ 


-CONVERT 
VECTORS TO INDIVIDUAL 


AXIS COMMANDS 
- 
CONTROL THE SEnlAL 
LINK 
- 
MONITOR ENTIRE SYSTEM FOR FAULTS 


Mode 0, the synchronous mode, is typically used for 
interfacing to shift registers for I/O expansion. The 
software to control this mode involves the REN (Re- 
ceiver ENable) bit, the clearing of the RI bit, and writ- 
ing to SBUF. To transmit to a shift register, REN is set 
to zero and SBUF is loaded with the information. The 
information will be sent and then the TI flag will be set. 
There are two ways to cause a reception to begin. The 
first is by causing a rising edge to occur on the REN 
bit, the second is by clearing RI with REN = I. In 
either case, RI is set again when the received byte is 
available in SBUF. 


Analog inputs are frequently required in a microcon- 
troller application. The 8097 has a IO-bit A to D con- 
verter that can use anyone of eight input channels. The 
conversions are done using the successive approxima- 
tion method, and require 168 state times (42 microsec- 
onds with a 12 MHz clock.) 


The results are guaranteed monotonic by design of the 
converter. This means that if the analog input voltage 
changes, even slightly, the digital value will either stay 
the same or change in the same direction as the analog 


input. When doing process control algorithms, it is fre- 
quently the changes in inputs that are required, not the 
absolute accuracy of the value. For this reason, even if 
the absolute accuracy of a IO-bit converter is the same 
as that of an 8-bit converter, the IO-bit monotonic con- 
verter is much more useful. 


Since most of the analog inputs which are monitored by 
a microcontroller change very slowly relative to the 42 
microsecond conversion time, it is acceptable to use a 
capacitive filter on each input instead of a sample and 
hold. The 8097 does not have an internal sample and 
hold, so it is necessary to ensure that the input signal 
does not change during the conversion time. The input 
to the A/D 
must be between ANGND 
and VREF. 


ANGND must be within a few millivolts of VSS and 
VREF must be within a few tenths of a volt of VCC. 


Using the A to D converter on the 8097 can be a very 
low software overhead task because of the interrupt and 
HSO unit structure. The A to D can be started by the 
HSO unit at a preset time. When the conversion is com- 
plete it is possible to generate an interrupt. By using 
these features the A to D can be run under complete 
interrupt 
control. The A to D can also be directly 


AID 
Command 
Register 


(LOCATION 
02H) 


AID 
Result 
Register 


(LOCATION 
03H) 
(LOCATION 
02H) 


CHANNEL 
/I SELECTS 
WHICH 
OF THE' 
ANALOG 
INPUT 


CHANNELS 
IS TO BE CONVERTED 
TO DIGITAL 
FORM; 


GO INDICATES 
WHEN 
THE CONVERSION 
IS TO BE 
INITIATED 
(GO = 1 MEANS 
START 
NOW, GO = 0 
MEANS 
THE CONVERSION 
IS TO BE INmATED 


BY THE HSO UNIT AT A SPECIFIED 
TIME). 


AID CHANNEL 
NUMBER 


STATUS 


o = AID CURRENTLY 
IDLE 
1 = CONVERSION 
IN PROCESS 


AID RESULT: 
LEAST 
SIGNIFICANT 
2 BITS 


MOST SIGNIFICANT 
BYTE 


controlled by software flags which are located in the 
AD_RESULT/AD_COMMAND 
Register, shown 


in Figure 2-19. 


Analog outputs are just as important as analog inputs 
when connecting to a piece of equipment. True digital 
to analog converters are difficult to make on a micro- 
processor because of all of the digital noise and the 
necessity of providing an on chip, relatively high cur- 
rent, rail to rail driver. They also take up a fair amount 
of silicon area which can be better used for other fea- 
tures. The A to D converter does use a D to A, but the 
currents involved are very small. 


For many applications an analog output signal can be 
rep.lacedby a Pulse Width Modulated (PWM) signal. 
ThIS sIgnal can be easily generated in hardware, and 


takes up much lesssilicon area than a true D to A. The 
signal is a variable duty cycle, fixed frequency wave- 
form that can be integrated to provide an approxima- 
tion to an analog output. The frequency is fixed at a 
period of 64 microseconds for a 12 MHz clock speed. 
Controlling the PWM simply requires writing the de- 
sired duty cycle value (an 8-bit value) to the PWM 
Register. Some typical output waveforms that can be 
generated are shown in Figure 2-20. 


Converting the PWM signal to an analog signal varies 
in difficulty, depending upon the requirements of the 
system. Some systems, such as motors or switching 
power supplies actually require a PWM signal, not a 
true analog one. For many other cases it is necessary 
only to amplify the signal so that it switches rail-to-rail, 
and then filter it. Switching rail-to-rail means that the 
output of the amplifier will be a reference value when 
the input is a logical one, and the output 
will 


intJ 


be zero when the input is a logical zero. The filter can 
be a simple RC network or an active filter. If a large 
amount of current is needed a buffer is also required. 
For low output currents, (less than 100 microamps or 
so), the circuit shown in Figure 2-21 can be used. 


The RC network determines how quiet the output is, 
but the quieter the output, the slower it can change. 
The design of high accuracy voltage followers and ac- 
tive filters is beyond the scope of this paper, however 
many books on the subject are available. 


DUTY 
PWM CONTROL 


CYCLE 
REGISTER 
VALUE 


0% 
00 
HI 


LO 


10% 
25 
~~Jl 


50% 
121 
HI 


LO 


lIO% 
230 
HI -l 
LO 


".1'" 
255 
HI 


LO 


inter 


The examples in this section show how to use each I/O 
feature individually. Examples of using more than one 
feature at a time are described in section 4. All of the 
examples in this ap-note are set up to be used as listed. 
If run through ASM96 they will load and run on an 
SBE-96. In order to insure that the programs work, the 
stack pointer is initialized at the beginning of each pro- 
gram. If the programs are going to be used as modules 
of other 
programs, 
the stack 
pointer 
initialization 


should only be used at the beginning of the main pro- 
gram. 


To avoid repetitive 
declarations 
the 
"include" 
file 


"DEM096.INC", 
shown in Listing 3-1, is used. ASM- 


96 will insert this file into the code file whenever the 
directive "INCLUDE 
DEM096.INC" 
is used. The file 


contains the definitions for the SFRs and other vari- 
ables. The include statement has been placed in all of 
the examples. It should be noted that some of the lab- 


J 
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: 
DEM09'.INC 
- 
DBrINI~IO" 
or 
SYMBOLIC 
NAMES 
rOR 
THE 
I/O 
RBGISTERS 
or 
THI 
10.6 


: •••.•.•.•.• 
* •.•.•.•. 
Ill 
•••••••••••••••••••••••••••• 
Ill 
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I 
ZIRo 
AD 
COMMAND 


AD-RESULT 
LO 


AD-RESULT-HI 
R51 
MODI 
- 
8So-TIMI 
R51-TIME 
HSO-COMMAND 
R51-STATUS 
Slur 
INT 
MASIT 
INT-PENDING 
speON 
SPSTAT 
WATCHDOG 
TIMERl 
TINER2 
PO RT 0 


BAUD 
REG 


PO 
AT I 
PORT 
2 
lOCO 
1050 
I OC 1 
10SI 
'WM 
CONTROL 
SP 


AX, 
osw 


DX 
I 
OSM 


8X, 
DS" 
CXa 
oSW 


OOhrWORD 
028,8'1'1'1 
02818'1". 
GlBlay'!'. 
OlM,BYTE 
0481 
••0RO 
04KI.ORO 
a6R,BYTE 
06" 
I By,.E 


07818'1'1'. 
OIHIBYTE 
O'HIBY'rB 
11 
R I BY 'l"E 
I1N,BY'!'B 
OAR,SY'!'B 
OAHIWORo 
OCR,WORD 
OBHIBY'!'. 
OBH,BYTB 


OrHIBYT. 
10H,ay,.. 
15N,SY"E 
15H 
IBYTE 
16H1SYTE 


16H1BYTB 
17N,aYTB 
118dfORO 


els in this file are different from those in the file 
8096.INC that is provided in the ASM-96 package. 


3.1. 
Using the 8096's Processing 
Section 


A good way of increasing speed for many processing 
tasks is to use table lookup with interpolation. This can 
eliminate lengthy calculations in many algorithms. Fre- 
quently it is used in programs that generate sine wave- 
forms, use exponents in calculations, or require some 
non-linear function of a given input variable. Table 
lookup can also be used without interpolation to deter- 
mine the output state of I/O devices for a given state of 
a set of input devices. The procedure is also a good 
example of 8096 code as it uses many of the software 
features. Two ways of making a lookup table are de- 
scribed, one way uses more calculation time, the second 
way uses more table space. 


, 
R/Il 
I 
II 
I 
• 
I 
• 
I 
I 
I 
• 
I,, 
I 
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I 
I 
• 
, . 
I 
• 
I 
I 
I 
•, . 
,, . 
I 
II 
I ./11 S~ACK 
POINTS. 


function are stored in ~emory for specific input values. 
To compute the output function for an input that is not 
listed, a linear approximation 
is made based on the 


nearest inputs and nearest outputs. As an example, con- 
sider the table below. 


If the input value was one of those listed then there 
would be no problem. Unfortunately the real world is 
never so kind. The input number will probably be 259 
or something similar. If this is the case linear interpola- 
tion would provide a reasonable result. The formula is: 


upperOutput-Lower 
Output 


Delta 
Out = 
Upper 
Input-Lower 
Input 
• (Actual 
Input-Lower 
Input) 


Actual 
Output 
= Lower 
Output 
+ Delta 
Out 


For the value 
01 259 the solution 
is: 


Delta 
Out = 900-400 '(259-200) ~ 500 '59 ~ 5 • 59 = 295 
300-200 
100 


Actual 
Output 
= 400 + 295 ~ 695 


is appropriate to limit the range and accuracy of the 
function to only what is needed. It is also advantageous 
to make the input step (Upper Input-Lower 
Input) 


equal to a power of 2. This allows the substitution of 
multiple right shifts for a divide operation, thus speed- 
ing up throughput. The 8096 allows multiple arithmetic 
right shifts with a single instruction providing a very 
fast divide if the divisor is a power of two. 


For the purpose of an example, a program with a 12-bit 
output and an 8-bit input has been written. An input 
step of 16(2"4) 
was selected. To cover the input range 


17 words are needed, 255/16 + 1 word to handle val- 
ues in the last 15 bytes of input range. Although only 
12 bits are required for the output, the 16-bit architec- 
ture offers no penalty for using 16 instead of 12 bits. 


The program for this example, shown in Listing 3-2, 
uses the definitions and equates from Listing 3-1, only 
the additional equates and definitions are shown in the 
code. 


Input Value 
Relative 
Table Address 
Table Value 


100 
0001H 
100 
200 
0002H 
400 
300 
0003H 
900 
400 
0004H 
1600 


IN 
VAL. 
TAiLa 
LOW. 
TABLa-HIGH. 
IN 
DIP, 
IN-DIPI 
1'Ai 
DIP, 


OUTI 
•• SUL'!'. 
OU"1_OIPI 


1 
1 
1 
1 
IN 
DJP 
1 
1 
1 
1 


, 
Upper 
Input 
- 
Lover 
Input 
Ibyte 
, 
Upper 
Output 
- 
Lover 
Output 


intJ 


LDB 
SHRa 
ANDB 


AL, 
IN 
VAL 
ilL, 
.3- 
AL, 
.111111101 


Load 
t •• 
p 
with 
Actual 
Value 
DiYide 
the 
byte 
by 
• 
In.ure 
ilL 
t •• 
word 
a44[ 
••• 
~hl 
•• 
ffectlvely 
divide. 
AL 
by 
2 
10 
AL 
• 
IN 
VAL/I' 


LOld 
byte 
AL 
to 
word 
AX 
(AX) 
J 
7AILE 
LOW 
1. 
10lded 
with 
the 
value 
I 
in 
the 
table 
at 
table 
location 
AX 


, 
TAILE 
HICH 
i. 
loaded 
with 
the 
value 
in 
the 
table 
at 
table 
location 
AX+2 
(The 
next 
value 
In 
the 
table) 


OUT_DIF, 
IN_DIP, 
TAB 
01' 
I 
I 
OUT_DI', 
'4 
I 


calC) 
AT 
nOON 


tabt., 
DClt 
OoooH, 
20ooH, 
),. 0 08, 
4CooN 
DClt 
50ooH, 
6"oOH, 
120oK, 
7IOoN 
DClt 
78ooH, 
7oooH, 
7600H, 
6000H 
DClt 
5DoOH, 
4.ooH, 
).008, 
2200N 
DClt 
loooH 


END 


IN 
DIPS-I 
•• et 
a19nlflclnt 
,. bite 
of 
IN 
VAL 
LOld 
byte 
tN_DIP. 
to 
word 
IN_DIP 


Output 
difference· 
Input-difference-Table 
difference 


Divide-by 
16 
(2··.) 


Add 
output 
difference 
to 
output 
generated 
with 
truncAted 
IN 
VAL 
A. 
input 
- 


Round 
to 
l2-bit 
ans~er 


If the function is known at the time of writing the soft- 
ware it is also possible to calculate in advance the 
change in the output function for a given change in the 
input. This method can save a divide and a few other 
instructions at the expense of doubling the size of the 


lookup table. There are many applications where time 
is critical and code space is overly abundant. In these 
cases the code in Listing 3-3 will work to the same 
specifications as the previous example. 


IN 
VALl 


'l'AiL!: 
LOW, 
'l'AILI:INCI 
IN 
01', 
IN-DIPS 
OUT. 
RE8UL'I'I 
OU'I'_DIP, 


1 
1 
1 
1 
IN 
DIP 
1 
1 
1 


, 
ActUAl 
Input 
Value 
I 
'I'able 
value 
for 
function 
I 
Incre.ental 
change 
in 
function 


f 
Upper 
Input 
- 
Lover 
Input 
Ibyte 


inter 


LD. 
'H" 
"NOl 


I., 
'100' 
I 
Inltlal1 
•• •• 
to 
top 
ot 
reg. 
t 11. 


AL, 
III-VAL 
Load 
t •• 
p 
'11th 
Actual 
Val 
"'. 
AL, 
, l 
Dlv14e 
the 
byte 
by • 
AL, 
111111110. 
1¥~r~·.t~.!tl:.r;r~l:t~~:aIL 
by 
2 
ao 
AL . III 
VAL/lf 


AX, 
AL 
LoacS 
byte 
Ai: to 
word 
AX 


TABLE 
tile 
1. 
10a4.d 
with 
the 
value 


In 
the 
lncr 
••• 
nt 
table 
at 


location 
AX 


IN 
Olre-l 
••• 
t 
alqnlficant 
• 
bita 


of 
IN 
VAL 
Load 
byte 
IN_DIP. 
to 
woreS 
IN_DIP 


MUL 
OUT_DIP, 
IN_DIP, 
TAIL. 
tHe 
, 
Output 
differenca 
• 


J 
Input:dlfferenc.*tncre 
•• ntal 
change 


val 
table: 
- 
DeW 
DCIl 
DCll 
DCll 
DCll 


lnc 
table: 


DCll 
DCll 
DCll 
DCll 


AdeS 
output 
differance 
to 
output 


generated 
with 
truncated 
IN 
VAL 


•• 
input 
- 


lound 
to 
12-bit 
ana.ar 
Round 
up 
if 
Carry. 
1 


ooooN, 
SDOoK, 
7100H, 
5DOOK, 
1000H 


2000K, 
)4008, 
teaO" 
." 
rlln40. 
function 
I"OoH, 
7200H, 
1100H 
700oN, 
'6ooH, 
6oo0H 
.IOOH, 
34008, 
22008 


By making use of the second lookup table, one word of 
RAM was saved and 16 state times. In most cases this 
time savings would not make much of a difference, but 
when pushing the processor to the limit, microseconds 
can make or break a design. 


IN_DIP., 
IN_VAL, 
,orH 


IN_DIP, 
tN_OIPI 


0200H, 
OoOOH. 


00020H. 
Or&EO", 


0140H, 
OOIOH, 
Orr90H. 
Or.908, 


0110H, 


006 
OH • 


Orr10H, 
Or8E08, 


0110H 
OOlOH 
OrrOOH 
0.880H 


Intel provides high level language support for most of 
its micro processors and microcontrollers in the form of 
PLIM. 
Specifically, PLIM refers to a family of lan- 


guages, each similar in syntax, but specialized for the 
device for which it generates code. The PLIM syntax is 
similar to PL/l, 
and is easy to learn. PLM-96 is the 


version of PL/M 
used for the 8096. It is very code 


efficient as it was written specifically for the MCS-96 
family. PLM-96 most closely resembles PLM-86, al- 
though it has bit and 1/0 functions similar to PLM-51. 
One line of PLIM-code 
can take the place of many 


lines of assembly code. This is advantageous to the pro- 
grammer, since code can usually be written at a set 
number of lines per hour, so the less lines of code that 
need to be written, the faster the task can be completed. 


If the first example of interpolation is considered, the 
PLM-96 code would be written as shown in Listing 3-4. 
Note that version 1.0 of PLM-96 does not support 32- 
bit results of 16by 16 multiplies, so the ASM-96 proce- 
dure "DMPY" 
is used. Procedure DMPY, shown in 


Listing 3-5, must be assembled and linked with the 
compiled PLM-96 program using RL-96, the relocator 
and linker. The command line to be used is: 


RL96 PLMEXI.OBJ, 
DMPY.OBJ, PLM96.LIB & 


to PLMOUT.OBJ ROM (2080H-3FFFH) 


DECLARE 
IN 
VAL 


DECLARE 
TAiLB 
LOW 
DECLARE 
TA8LE-HIGN 
DECLARE 
TA8LE-DIP 
DECLAItE 
OU1" 
- 
DECLARE 
RESUL" 


OECLAItE 
OUT 
DIP 


DECLARE 
TENP 


1I01t0 
IN'lEOEa 
IlI'laoaa 
IIITBG." 
INTaGa. 
INTaCa •• 
LOllGIlI'l 
liaRD 


OECLA.E 
'lABLE(171 
OOOOH, 
2000H, 


5000H, 
'AOOH, 


1800H, 
1000H, 


5DOOH, 
4800H, 


100 
OK) 
I 


IM'I'8C.. 
DA"A 
)4008, 
4COO., 
1200B, 
1'0011, 
1'00H, 
'0008, 
3400H, 
2200H, 


PUBLIC. 
'OBLIC I 
,oaLIC, 
'OBLIC, 
PUBLIC. 
PUBLIC. 
'OBLIC, 
PUBLIC, 


oNPYa 
PRocaou 
•• 
(A,B) 
LONG III" •• ".RNAL. 
DECLARS 
CA,B) 
IN,,&caR, 
END 
DM'YI 


,- 
It 
-,.aM'- v •• 
replaced 
by 
-SHR(IN 
VAL,4)- 


,- 
Yhe. code 
vould 
work 
but 
the 
lOt' 
would 


/- 
do 
tvo 
,hitt, 


TABLE_OIP-TAILE_HIGH-TABLB 
LOW, 


OUT_DIP-OMPY 
('fABLE_DIP,SlaNSO(IN 
VAL 
AND 
O'H)) 
,I'. 


OUT-SAR(TA8LI_LON+OU"_DIP),4), 
,e 
SAlt pertor., 
an 
.rith.etic 
r19ht 
.h1lt, 


1n 
thl, 
c ••• 
4 
place. 
are 
.hilted 
e, 


I' 
CARRY-O 
THEN 
RBSULT-OUT, 
,e 
U,ln, 
the 
hardware 
tta9' 
.u.t 
be 
done 
-/ 
BLSE 
RBSULT-OUT+1. 
,- 
w1th 
care 
to 
enlure 
the 
tla, 
1. 
te.ted 
e/ 


/- 
1n 
the 
de.1red 
1neteuct1on 
.equence 
e/ 


r.eg 
EXTRN 
'LMaEG 
.10n9 


cleg 


PUBLIC 
DNPY 


oMPY I 
'0' 
PLNREat. 
'0' 
PLNREe 
MOL 
PLNRla, 
(.P)+ 


B. 
('LM.aG·.1 
ElIO 


, LOed 
return 
addre •• 
• Load 
one 
operand 
, LOld 
•• cond 
operand 
and 
incr ••• nt 
•• 


inter 


Using PLM, code requires less lines, is much faster to 
write, and easier to maintain, but may take slightly 
longer to run. For this example, the assembly code gen- 
erated by the PLM·96 compiler takes 56.75 microsec- 
onds to run instead of 30.75 microseconds. If PLM-96 
performed the 32·bit result multiply instead of using 
the ASM-96 routine the PLM code would take 41.5 
microseconds 
to run. 
The actual 
code listings are 


shown in Appendix A. 


One of the most frequent uses of the liSI is to measure 
the time between events. This can be used for frequency 
determination in lab instruments, or speed/acceleration 
information when connected to pulse type encoders. 
The code in Listing 3-6 can be used to determine the 
high and low times of the signals on two lines. This 
code can be easily expanded to 4 lines and can also be 
modified to work as an interrupt routine. 


Frequently it is also desired to keep track of the num· 
ber of events which have occurred, as well as how often 
they are occurring. By using a software counter this 
feature can be added to the above code. This code de- 
pends on the software responding to the change in line 
state before the line changes again. If this cannot be 
guaranteed then it may be necessary to use 2 HSI lines 
for each incoming line. In this case one HSI line would 
look for falling edges while the other looks for rising 
edges. The code in Listing 3-7 includes both the counter 
feature and the edge detect feature. 


The uses for this type of routine are almost endless. In 
instrumentation 
it can be used to determine frequency 


on input lines, or perhaps baud rate for a self adjusting 
serial port. Section 4.2 contains an example of making a 
software serial port using the HSI unit. Interfacing to 
some form of mechanically generated position informa- 
tion is a very frequent use of the HSI. The applications 
in this category include motor control, precise position- 
ing (print heads, disk drives, etc.), engine control and 


HIGH 
TIME. 
dlw 


LOW 
TIMS. 
daw 


PERIODs 
dl. 


Ht 
aOGB, 
dew 


Lo:aOGBI 
dew 


LD 
LDa 
LDa 


.al 
t I 
ADD 
J88 
JaC 


contlnl 
LDa 


LD 


Jaa 


hol - 10 I 
ST 
sua 
aa 


hol -hi. 
ST 
sua 
aa 


aND 


8P, 
'lOOH 


lOCO, 
'000000018 
B81_"008, 
'000011118 


PBRIOO, 
HIGft 
TIMB, 
LOW 
TIM. 


1081, 
" 
contin 
, 
If 
PIPO 
1. 
full 
10Sl, 
',walt 
, 
•• It 
while 
no 
pul 
•• 
1_ 
Interl4 


ai, 
HII_TIMa 


AL, 
1, 
hll_hi 


LOld 
It.tUII 
Mote 
that 
r •• 41n9 


Ral_7IMB 
cl •• ra 
Ral_STATUS 


I 
Load 
the 
"II_TIM. 


, 
Ju.p 
If 
HSt.O 
1. 
hl,h 


ex, 
LO 
BoGB 
RIGH 
'rIMB, 
LO 
8DGB, 
HI 
aOOB 
walt- 


ax, 
HI 
BoGB 
LOW 
'rIMB, 
81 
BOOB, 
LO_BDGB 
walt 


inter 


transmission control. The HSI unit is used extensively 
in the example in section 4.3. 


Although the HSO has many uses, the best example is 
that of a multiple PWM output. This program, shown 
in Listing 3-8, is simple enough to be easily understood, 
yet it shows how to use the HSO for a task which can 
be complex. In order for this program to operate, an- 
other program needs to set up the on and off time vari- 
ables for each line. The program also requires that a 


HSO line not change so quickly that it changes twice 
between consecutive reads of 110 Status Register 0, 
(IOS0). 


A very eye catching example can be made by having the 
program output waveforms that vary over time. The 
driver routine in Listing 3-10 can be linked to the above 
program to provide this function. Linking is accom- 
plished using RL96, the relocatable linker for the 8096. 
Information 
for using RL96 can be found 
in the 


"MCS-96 Utilities Users Guide", listed in the bibliogra- 
phy. In order for the program to link, the register dec- 


TIMEa 
DSN 
LAST 
RISB, 
OSW 
LAST-PALL 
I 
DSW 
H51 
SO. 
DSB 
10sI 
8AII 
DSB 
PERIODt 
oSN 
LOW 
TIMI. 
osw 
HIGH 
TIMla 
DSW 
COUN~' 
osw 


e •• 
1) 
at 


1 n 1 t 
l 
LD 


LOB 


LOB 
LOB 


wal 
t 
I 
ANDB 
ORB 


JBC 


ANDB 
LD 


J BS 
J BS 
BR 
•- r 1 • e I 
SUB 
SUB 
LD 
BR 
.- f all 
I 
SUB 
SU B 
LD 


lnere.entl 


INC 


no -cnt: 
B. 


END 


•• 
t 
hal.l 
-, 
hal.O 
+ 
IInabl_ 
het 
0,1 
T2 
CLOCI-T2CLI, 
TZRST-T2R8T 


CI.ar 
tl •• r2 


CI.ar 
1051 
81.1.7 
Store 
into-te.p 
to 
avoid 
cl •• ring 


other 
flag. 
whlch 
•• 
y 
be 
n •• ded 


If 
hal 
is 
not 
tri9gered 
then 


ju.p 
to ,,.It 


H51 
SO,O,. 
rl •• 
H51-S0,2,.-fall 
no_cnt 
- 


LOW 
TINI, 
TIME, 
LAST 
PALL 
PERIOD, 
TIME,LAST 
RISB 
LAST 
RISE, 
TIME 
- 


lnere 
•• 
nt 


HIGH 
TIME. 
TIME, 
LAST 
RISE 


PERIOD, 
TIME,LAST 
PALL 
LAST_PALL, 
TIME 
- 


inter 


HSO 
ON 
Os 
OS., 
HSO-OF. 
01 
OSW 
H5o-ON 
i 
I 
OSW 
H50-o,r 
1 
I 
OSII 
OLO-STATI 
dab 
NBW:STATI 
dab 


LD 
LD 
LD 
LD 
LD 
AMoB 
10 •• 


atore 
atatl 
- 
ANoB 
CMPS 
JB 
Xo.I 


check 
01 


JaC 
JaS 


aet_on 
01 


Loa 
ADD 
aA 


cheek 
I; 


JaC 
JaS 


aet_on 
I; 


Loa 
ADD 
aA 


8."looH 
HSO 
ON 
0, 
,looR 
HsO-Or, 
O. 
'fOOH 
H5o-oN 
I, 
'210N 
HSO-Opr 
1, 
'liON 
OLD-STAT, 
1080 
•• 
0PN 
OLO=STAT, 
• OrK 


Set 
Initial 
valu 
•• 
Note 
that 
tt ••• 
_uat 
be 
long 
enough 
to 
allow 
the 
routine 
to 
run 
after 
each 


line 
change. 


'or 
opper.tlon 
wlth 
interrupts 
'atore 
atatl' 
would 
be 
the 
entry 
point 
of 
the 
coutlne. 
- 
Note 
that. 
01 
or 
PUSH 
•• 
lqht 
have 
to 
be 
added. 


HBW 
STA,., 
1050. 
,o,K 
OLD-STA", 
NBW_STAT 
walt 
OLD_STAT, 
NEW_STAT 


HSO 
COMMAND, 
.001100008 
HSO-TIME, 
TIMERI, 
H5o_or, 
0 
check 
1 


Set 
1150 
for 
ti •• 
rl. 
set 
pln 
0 


TiM. 
to 
set 
pin. 
Ti •• rl 
value 


+ 
TIM. 
for 
pin 
to 
be 
low 


Set 
HSO 
for 
ti.erl, 
clear 
pin 
0 


Tt.e 
to 
clear 
ptn 
• 
Ti.erl 
yalu 
• 


• 
Tl_e 
for 
ptn 
to 
b. 
hlqh 


HSO 
COMMAND, 
'00110001. 
HSO-TIMIl, 
TIMlal, 
HSO orr 


~heck_done 
- 


S.t 
HSO 
for 
tt •• rl, 
cl.ar 
pln 
1 


'fl•• 
to 
cle.r 
pin. 
71 •• rl 
value 


+ 
'fl•• 
ror 
pin 
to 
be 
htqh. 


Listing 3-8. Generating a PWM with the HSO 


6-27 


inter 


laration section (i.e.• the section between "RSEO" and 
"CSEO") 
in Listing 3-8 must be changed to that in 


Listing 3-9. 


quency twice that of the first one. A slightly different 
driver routine could easily be the basis for a switching 
power supply or a variable frequency/variable 
voltage 


motor driver. The listing of the driver routine is shown 
in Listing 3-10. 
The driver routine simply changes the duty cycle of the 
waveform and sets the second HSO output to a fre- 


NoTl1 
u •• 
thle 
fl\e 
to 
replace 
the 
dlcllrltton 
,ectlon 
of 
the 
HSO 
PM" 
pr04e._ 
fro. 
·SIMCLUOa(DIMO".INCI- 
throu9h 


the 
1ina 
prior 
to 
the 
libel 
·wIlt-, 
Allo 
chln,_ 
the 
l •• 
t 
branch 
In 
the 
pro4". 
to 
• 
-RET-, 


D 
STAT, 
'.ten 
exten 
• x t r n 
exten 
•• 
tr" 


I 
HSO o,r 
0 
Iword 
H50-0"-1 
sword 


f 
HSO-COMMAND 
,byte 
1090 
Ibyte 


HSO 
ON 
0 
HSO-ON-I 
HSO-TIME 
TIMERI 
SP 


Iword 
:vord 
Ivord 
Iword 
:vord 


public 
OLD 
STAT 
OLD 
STAT: 
- 
ds'b 


NEW:STATr 
dab 


PUBLIC 
,OILIC 


PUBLIC 
PUBLIC 


"SO 
ON 
0 
, 
HSO.Orr 
0 
H50-0N-1 
, H50-0r'-1 
HSO-TIME 
, 
HSO-COMMAND 
SP 
; 
TIMER 
I 
, 
f050 


HSO 
ON 
01 
da" 
Hso-orr 
o. 
d." 
HSO-ON 
II 
de" 
HSO:OPP_ll 
da" 
countl 
dab 


01 
LO 
AN DB 
XOR8 


loopi 
LD 
SUB 
LD 


SP, 
,lOOH 
OLD 
STAT, 
1080, 
tO'R 
OLD':STA"', 
,arK 


ex, 
,OIOOH 


AX , 
'IOOOH 
ex , 
AX, 
ex 
AX , ex 


AX, 
HSO -ON 
0 
ex , 
HSO -OP, - 0 


AX,II 
ax, 
• 1 
AI, 
HSO 
ON 
I 
8X, 
Hso=orF_I 


ex 
ex, 
loorOOH 


loop 


Since the 8096 needs to keep track of events which of- 
ten repeat at set intervals it is convenient to be able to 
have Timer 2 act as a programmable modulo counter. 
There are several ways of doing this. The first is to 
program 
the HSO to reset Timer 2 when Timer 2 


equals a set value. A software timer set to interrupt at 
Timer 2 equals zero could be used to reload the CAM. 
This software method takes up two locations in the 
CAM and does not synchronize Timer 2 to th~ external 
world. 


To synchronize Timer 2 externally the T2 RST (Timer 
2 ReSeT) pin can be used. In this way Timer 2 will get 
reset on each rising edge of T2 RST. If it is desired to 
have an interrupt generated and time recorded when 
Timer 2 gets reset, the signal for its reset can be taken 
from HSI.O instead of T2RST. The HSI.O pin has its 
own interrupt vector which functions independently of 
the HSI unit. 


Another option available is to use the HSI.I 
pin to 


clock Timer 2. By using this approach it is possible to 
use the HSI to measure the period of events on the 
input to Timer 2. If both of the HSI pins are used 
instead of the T2RST and T2CLK pins the HSIO unit 
can keep track of speed and position of the rotating 
device with very little software overhead. This type of 
setup is ideal for a system like the one shown in Figure 
3-1, and similar to the one used in section 4.3. 


In this system a sequence of events is required based on 
the position of the gear which represents any piece of 
rotating machinery. Timer 2 holds the count of the 
number of tooth edges passed since the index mark. By 
using HSI.l 
as the input to Timer 2, instead of T2 


CLK, it is possible to determine tooth count and time 
information through the HSI. From this information 
instantaneous velocity and acceleration can be calculat- 
ed. Having the tooth edge count in Timer 2 means 


HSI.l 
OR T2CLK 


TIMER 
2 HOLDS 
TOOTH 
COUNT 


HSI MEASURES 
PULSE 
PERIOD 


HSI.O OR T2RST 


RESETS 
TIMER 
2 ANDIOR 


CAUSES 
INTERRUPT 


inter 


that the HSO unit can be used to initiate the desired 
tasks at the appropriate tooth count. The interrupt rou- 
tine initiated by HSI.O can be used to perform any soft- 
ware task required every revolution. In this system, the 
overhead which would normally require extensive soft- 
ware has been done with the hardware on the 8096, 
thus making more software time available for control 
programs. 


Mode I of the serial port supports the basic asynchro- 
nous 8-bit protocol and is used to interface to most 
CRTs and printers. The example in Listing 3-11 shows 
a simple routine which receives a character and then 


CHR. 
dab 
1 
S,TEMPt 
dab 
1 
TEMPO. 
dab 
1 
TBMPI: 
dab 
1 
Rev 
FLAG: 
dab 


transmits the same character. The code is set up so that 
minor modifications could make it run on an interrupt 
basis. Note that it is necessary to set up some flags as 
initial conditions to get the routine to run properly. If it 
was desired to send 7 bits of data plus parity instead of 
8 bits of data the PEN bit would be set to a one. Inter- 
processor communication, as described in section 2.3.4, 
can be set up by simply adding code to change RB8 and 
the port mode to the listing below. The hardware 
shown in Figure 3-2 can be used to convert the logic 
level output of the 8096 to ± 12 or 15 volt levels to 
connect to a CRT. This circuit has been found to work 
with most RS-232 devices, although it does not con- 
form to strict RS-232 specifications. If true RS-232 
conformance 
is required then any standard 
RS-232 


driver can be used. 


eer 
port 
intI 


- 
PUSHP 


rd 
8g81n: 


- 
LDB 
OR8 
AHDB 
JNB 


SPTEM,. 
S'STAT 
TEMPO. 
SP'I'BMP 
SP~BMP.IOll000008 
rd_.galn 
J 
Repeat 
until 
'1'1 and 
RI 
are 
properly 
cleared 


Thi. 
aectlon 
of 
code 
can 
be 
replaced 
with 
·ORa 
TEMPO, 
SP 
STAT- 
when 
the 
•• rlal 
port 
'1'1and 
II 
bug. 
are 
fiKed 


intJ 


get 
byte. 
- 
J8C 


ST8 
ANDI 
LD8 


put 
by tea 


J8C 
HC 
LD8 
AMDB 


continue. 
POP' 
RlT 


TBMPO, 
., 
put 
byte 
SlUr, 
CHR 
- 
TEMPO, 
'101111118 
IIlCV_FLAG, 
,or'H 


Rev 
'LAG, 
0, 
continue 
TENia, 
5, continue 
saUF, 
CHit 
TEMPO, 
'110111118 


AND8 
eM'B 
JNB 
LD8 
8R 


CHill, '011111118 
CHIll,IODK 
elf 
reY 
CHR-; 
'OA.K 
continue 


It 
RI-t •• p 
1. 
not 
set 
Store 
byte 
CLa RI- te.p 
Set 
bit-received 
flag 


If 
receIve 
flag 
1. 
cle.red 


If 
'1'1 v •• 
not 
eet 
Send 
byte 
CLa TI-te.p 


XMIT DATA 


(TO RS232 PIN 3) 


Rev 
DATA 
(FROM 
RS232 PIN 2) 


The code in Listing 3-12 makes use of the software flags 
to implement a non-interrupt 
driven routine which 


scans A to D channels 0 through 3 and stores them as 
words in RAM. An interrupt driven routine is shown in 
section 4.1. When using the A to D it is important to 
always read the value using the byte read commands, 
and to give the converter 8 state times to start convert- 
ing before reading the status bit. 


Since there is no sample and hold on the A to D con- 
verter it may be desirable to use an RC filter on each 
input. A lOOn resistor in series with a 0.22 uf capacitor 
to ground has been used successfully in the lab. This 
circuit gives a time constant of around 22 microseconds 
which should be long enough to get rid of most noise, 
without overly slowing the A to D respOnse time. 


4.0 ADVANCED 
SOFTWARE 


EXAMPLES 


Using the 8096 for applications which consist only of 
the brief examples in the previous section does not 


really make use of its full capabilities. The following 
examples use some of the code blocks from the previous 
section to show how several I/O features can be used 
together to accomplish a practical task. Three examples 
wiIl be shown. The first is simply a combination of sev- 
eral of the section 3 examples run under an interrupt 
system. Next, a software serial port using the HSIO 
unit is described. The concluding example is one of in- 
terfacing the HSI unit to an optical encoder to control a 
motor. 


4.1. 
Simultaneous 
I/O Routines under 


Interrupt 
Control 


A four channel analog to PWM converter can easily be 
made using the 8096. In the example in Listing 4 ana- 
log channels are read and 3 PWM waveforms are gen- 
erated on the HSO lines and one on the PWM pin. 
Each analog channel is used to set the duty cycle of its 
associated output pin. The interrupt system keeps the 
whole program humming, providing time for a back-. 
ground task which is simply a 32 bit software counter. 
To show which routines are executing and in which 


RESULT 
TABLa. 


RBSUL'!' 
I, 
ct." 
RESUL'l-21 
IS." 
RESULT-)I 
da" 
RESULT:.. 
4." 


HOP 
HOP 
check 
I 
JaB 


AODe 
LDBIE 
S" 


DL, 
eL, 
aL 
DX, 
DL 
AX, 
.BSULT_TABLBIOX) 


inter 


order, Port 1 output pins are used to indicate the cur- 
rent status of each task. The actual code listing is in- 
cluded in Appendix B. 


be waited between consecutive loads of the HSO. If this 
is not done it is possible to overwrite the contents of the 
CAM holding register. An AID interrupt is forced by 
setting the bit in the Interrupt Pending register. This 
causes the first AID 
interrupt to occur just after the 


Interrupt 
Mask register is set and interrupts are en- 


abled. 


The initialization section, shown in Listing 4-la, clears 
a few variables and then loads the first set of on and ofT 
times to the HSO unit. Note that 8 state times must 


, 
Thll 
proqr 
•• 
viii 
proYlde 
) 
PV" 
outputl 
nn 
MSO 
pin. 
0-2 


I 
and 
on. 
on 
the 
'WM. 


I 
I 
The 
PV" 
valu 
••• 
r. 
del.rained 
by 
the 
input 
to 
the 
AID 
converter. 
, 


IIIIIIIII 
J I 
J I I I J II 
I III' 
III 
I'" 
11111"'1"'1111111' 
r 
III1IIIII 


ON 
'TIM!r 


PM" 
TIM! 
i. 
08W 


HSo-ON 
oi 
OSM 


",o-ON-ll 
DSW 


"50:0.:2. 
OS" 


RESULT 
TAILa. 
RESDL" 
0. 
RISULT-It 
ar:SULT-2. 
It&BULT:). 


NXT 
ON 
T. 
NIT-Or, 
o. 


NIT-O"-l, 
"X7-0"-2. 
COUNT. 
- 


AD 
NUM. 


TH', 
H50 
PEl 
I 


LAS"_LOADI 


DCW 
Itart 
J 
Tl •• ,_ovf_lnt 


DCN 
Atad 
done 
l"t 


DCN 
Itart 
I 
"51_datl_'nt 


DCW 
HSO_ 
••• c_lnt 


Itartl 
LD 
CL. 


".ltt 
ole 
JNE 


SP. 
'lOON 
.x 
.x 
"'Ilt 


'tiN 
TIME 
1, 
I oloH 
HSO-'ER, 
-'IOOH 
H5o-ON 
0, 
,040H 
HSO-ON-l, 
.0.oN 
H50=0.,=2, 
'OeON 


La.t 
10a4ed 
value 
va •• 
et 
all 
pin. 
Enable 
HSO 
and 
AID 
interrupt. 
rake 
an 
AID 
an4 
HSO 
interrupt 


HSO 
COMMAND, 
'001000108 
HSO:TIME, 
NIT_ON_T 


LAS7 
LOAD, 
'000001118 
INT 
MASK, 
'000010108 
INT:'ENDING, 
'000010101 


0•• 
AOO 
ADDC 
ANDB 
•• 


Portl, 
100000001B 
COUNT, 
101 
COUNT+2,aero 
,ortl, 
111111110B 
loop 


HSO 
exec 
inti 


- 
PUSH' 
0•• 


I I '" 
1,"," 
I I I'" 
I ,,, 
f r" 
f"" 
,,,,,,""" 
I I " 
I ",,,""",,, 
,,, 
I" 
,,,,",, 
I 
"",""",,," 
HSO 
EIECUTED 
INTERRU'T 
",""'",,1,"",', 
r I" 
I" 
I" 
'" 
r"" 
I I' 
"" 
,,,, 
I'" 
II" 
""'" 
I II 
r r r ".,11 
'"'"",,1111,,. 
I III 


SUB 
TN',TIMER1, 
NIT 
ON 
T 
CMP 
TNP,ZERO 
- 
JLT 
.et_off_ti.e. 


set_on 
tl ••• 
1 
ADO 
LO. 
Lo 
Nap 
Nap 
Lo. 
LO 


NIT 
ON 
T, 
HSO 
,•• 
NSO-COMMANO, 
'00110110. 
HSO:TIME, 
NIT_ON_T 


ADD 
NIT 
orr 
0, 
NIT 
ON 
T, 
HSO 
O. 
0 
Loa 
HSO-COMMAND, 
1000100008 
I 
Set 
HsO 
for 
tl.erl, 
clear 
pin 
a 
LO 
HSO:TIME, 
NIT_orr_o 


Nap 
ADD 
NIT 
or, 
1, 
NIT 
ON 
T, 
HSO 
ON 
1 
LOB 
HSO-COM~AND, 
.000100018 
- 
- 
I 
Set 
HSO 
for 
ti.erl, 
clear 
pin 
1 
LD 
HSO:TIME, 
NXT_or'_1 


Nap 
ADD 
NXT 
orr 
2, 
NXT 
ON 
T, 
HsO 
ON 
2 
LOB 
HSO-COMMAND, 
'000100108 
- 
- 
J 
Set 
HSO 
for 
ti.erl, 
clear 
pin 
2 


LD 
HSO:TIME, 
NXT_or,_, 


check 
done; 


ANDB 
,opr 
'ET 


inter 


111" 
"I"'" 
""'1"""" 
".,1""" 
"'1111"'" 
J 
11111 
II 
III 
II1I 
, 
•• 
,,., 
1'" 
J 


JIII"""""" 
A 
TO 
0 
COMPLETE 
INTERRUPT 
111,."",.,,111111 


11111,"" 
'" 
1"""" 
".",., 
III'. 
I II 
I" 
I II 
J 
J 1111" 
I 
r 
II 
J, 
JI.,.,"" 
I rl 
I r r 
I I I 


ATOD 
done 
intt 


- 
'DaMP 
0.. 
Portl, 
.OOOOOlOO. 


J 
Load 
low 
order 
r •• ult 


J 
Load 
h19h 
order 
r •• ult 


I 
DL- 
AD 
NUM 
-2 


ANDB 
LO. 
ADOa 
LDelS 
ST 


AL, 
AD 
RBSULT 
LO 
•• IIOOaaOO. 
AH, 
AD-RESULT-HI 
DL, 
AD-MUM. 
AD 
NUM 
01, 
DL- 
- 
AX, 
RBSULT_YAeLBIDI) 
I 
Store 


eM'. 
JNB 
eM'. 
Ja 
INC. 


AL, 
'010000008 


no 
end 
J 
Round 
up 
if 
ne.d.d 


AH~'OPP8 
I 
Don't 
incr 
••• 
nt 
if 
Aft-OFF" 


no 
r nef 
A8- 


no_rndl 
LOa 
CL •• 
ST 


AL, 
AH 
, 
Al19ft 
byte 
and 
change 
to 
vord 
AH 
AI, 
ON 
TIMB(oll 


AD 
NUM 


AD:=NUM, 
,olK 


AD_COMMAND, 
AD 
NUM, 


'ortl, 
'111110118 
ANDS 
PO" 
.aT 


'1000B 
J 
Start 
conver.ion 
on 
channel 


J 
indicated 
by 
AD 
NUM 
register 


J 
Clear 
'1.2 
- 


The HSO routine shown in Listing 4-1b is slightly dif- 
ferent than the one in section 3. All of the HSO lines 
turn on at the same time, only the turn-ofT-time is var- 
ied between lines. This action is what is most common- 
ly required for multiple PWM outputs and simplifies 
the software. A comparison is made between Timer! 
and the next HSO turn on time at the beginning of the 
routine. If the next turn on time has passed, then the 
on-times are loaded into the CAM, otherwise the ofT 
times are loaded. 


The maximum number of events in the CAM at any 
given time is 7. This occurs when the first line to turn 
ofTdoes so, causing the ofT-timesfor all of the lines to 
be loaded. For two of the lines there will be an ofTtime, 
an on-time, and the just loaded ofT-time.The other line 
(the one that just turned off) will have only the on-time 
and the just loaded ofT-time. 


AID conversions are performed by the code in Listing 
4-lc about every 60 microseconds, 42 for the conver- 
sion, the rest for overhead. The AID routine sets up the 
HSO and PWM on and ofT times. Since the AID 


has a ten bit output, the most significant 8 bits are 
rounded up or down based on the least significant two 
bits. 


4.2. Software 
Serial Port Using the 


HSIO Unit 


There are many systems which require more than one 
serial port, an example is a system which must commu- 
nicate with other computers and have an additional 
port for a local console. If the on-board DART is being 
used as an inter-processor link, the HSIO unit can be 
used to interface the 8096 to an additional asynchro- 
nous line. 


Figure 4-1 shows the format of a standard lO-bit asyn- 
chronous frame. The start bit is used to synchronize the 
receiver to the transmitter; at the leading edge of the 
START bit the receiver must set up its timing logic to 
sample the incoming line in the center of each bit. Fol- 
lowing the start bit are the eight data bits which are 
transmitted least significant bit first. The STOP bit is 
set to the opposite state of the START bit to guar- 


inter 


antee that the leading edge of the START bit will cause 
a transition on the line; it also provides for a dead time 
on the line so that the receiver can maintain its syn- 
chronization. 


The remainder of this section will show how a full-du- 
plex asynchronous 
port can be built from the HSIO 


unit. There are four sections to this code: 
I. Interface routines. These routines provide a proce- 


dural interface between the interrupt driven core of 
the software serial port and the remainder of the ap- 
plication software. 
2. Initialization routine. This routine is called during 


the initialization of the overall system and sets up the 
various variables used by the software port. 


3. Transmit ISR. This routine runs as an ISR (interrupt 


service routine) in response to an HSO interrupt in- 
terrupt. Its function is to serialize the data passed to 
it by the interface routines. 


4. Receive ISRs. There are two ISRs involved in the 


receive process. One of them runs in response to an 
HSI interrupt and is used to synchronize the receive 
process at the leading edge of the start bit. The sec- 
ond receive ISR runs in response to an HSO generat- 
ed software timer interrupt. this routine is scheduled 
to run at the center of each bit and is used to deseri- 
alize the incoming data. 


The routines share the set of variables that are shown in 
Listing 4-2. These variables should be accessed only by 
the routines which make up the software serial port. 


reve 
atate, 
rxrdy 
(xoverrun 
<Ip 
rcve_butl 
reve 
cel)t 
••• 
pre_ti 
•• 
, 


indicat 
•• 
receive 
done 
lndlcat 
•• 
receive 
overflov 
receive 
1n 
progre 
•• 
flag 
uaed 
to 
doubLe 
buffer 
receive 
data 


u •• d 
to 
d •• 
erl.11 
•• 
receive 
recorda 
1 •• t 
receive 
••• 
ple 
tl •• 


• erial_outl 
dew 
1 
Rolda 
the 
output 
chafactec+fr 
•• lng 
(atact 
and 


atop 
bita) 
for 
tran 
•• lt 
proc 
•••. 


baud_count 
I 
dew 
1 
Holda 
the 
period 
of 
one 
bit 
In 
unit. 


of 
Tl 
tick 
•. 
tX4_tla., 
dew 
1 
Transition 
tl •• 
of 
l •• t 
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stored the START and STOP bits are added to the data 
bits. The routine char-in 
is called when the applica- 


tion software requires a character from the port. The 
data is returned in the ax register in conformance to 
PLM 96 calling conventions. The routine csts can be 
called to determine if a character is available at the port 
before calling char_in. 
(If no character 
is available 


char_in 
will wait indefinitely). 


The table also shows the declarations 
for the com- 


mands issued to the HSO unit. In this example HSI.2 is 
used for receive data and HSO.5 is used for transmit 
data, although other HSI and HSO lines could have 
been used. 


The interface routines are shown in Listing 4-3. Data is 
passed to the port by pushing the eight-bit character 
into the stack and calling char_out, 
which waits for 


any in-process transmission to complete and stores the 
character into the variable serial_out. As the data is 
The initialization routine is shown in Listing 4-4. This 
routine is called with the required baud rate in the 
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stack; it calculates the bit time from the baud rate and 
stores 
it in the 
variable 
baud_count 
in units 
of 


TIMER I ticks. An HSO command is issued which will 
initiate the transmit process and then the remainder of 
the variables owned by the port are initialized. The rou- 
tine ini!_receive is caned to setup the HSI unit to look 
for the leading edge of the START bit. 


The transmit process is shown in Listing 4-5. The HSO 
unit is used to generate an output command to the 
transmit pin once per bit time. If the serial_out 
regis- 


ter is zero a MARK (idle condition) is output. If the 
serial_out 
register contains data then the least sig- 


nificant bit is output and the register shifted right one 
place. The framing information (START and STOP 
bits) are appended to the actual data by the interface 
routines. Note that this routine will be executed once 
per bit time whether or not data is being transmitted. It 
would be possible to use this routine for additional low 
resolution timing functions with minimal overhead. 


The receive process consists of an initialization routine 
and 
two 
interrupt 
service 
routines, 
hsi_isr 
and 


software_timer _isr. 
The listings of these routines are 


shown in Listings 4-6a,4-6b, and 4-6c respectively. The 
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start is detected by the hsi_isr which schedules a soft- 
ware timer interrupt in one-half of a bit time. This first 
sample is used to verify that the START bit has not 
ended prematurely (a protection against a noisy line). 
The software timer service routine uses the variable 
rcve_state to determine whether it should check for a 
valid START bit, deserialize data, or check for a valid 
STOP bit. When a complete character 
has been re- 


ceived it is moved to the receive butTerand init_receive 
is called to set up the receive process for the next char- 
acter. This routine is also called when an error (e.g., 
invalid START bit) is detected. 


Appendix C contains the complete listing of the rou- 
tines and the simple loop which was used to initialize 
them and verify their operation. The test was run for 
several hours at 9600 baud with no apparent malfunc- 
tion of the port. 


4.3. 
Interfacing 
an Optical Encoder to 


the HSI Unit 


Optical encoders are among one of the more popular 
devices used to determine position of rotating equip- 
ment. These devices output two pulse trains with edges 
that occur from 2 to 4000 times a revolution. 


Frequently there is a third line which generatt;S one 
pulse per revolution for indexing purposes. Figure 4-2 
shows a six line encoder and typical waveforms. As can 
be seen, the two waveforms provide the ability to deter- 
mine both position and direction. Since a microcontrol- 
ler can perform real time calculations it is possible to 
determine velocity and acceleration from the position 
and time information. 


Interfacing to the encoder can be an interesting prob- 
lem, as it requires connecting mechanically generated 
electrical signals to the HSI unit. The problems arise 
because it is difficult to obtain the exact nature of the 
signals under all conditions. 


The equipment used in the lab was a Pittman 9400 se- 
ries gearmotor with a 600 line optical encoder from 
Vernitech. The encoder has to be carefully attached to 
the shaft to minimize any runout or endplay. Fortu- 
nately, Pitmann 
has started marketing 
their motors 


with ball bearings and optical encoders already in- 
stalled. It is recommended that the encoder be mounted . 
to the motor using the exact specifications of the encod- 
er manufacturer and/or a good machine shop. 
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inter 


Digital filtering external to the 8096 is used on the en- 
coder signals. The idealized signals coming from the 
encoder and after the digital filter are shown in Figure 
4-3. The circuitry connecting the encoder to the 8096 
requires only two chips. A one-shot constructed 
of 


XOR gates generates pulses on each edge of each sig- 
nal. The pulses generated by Phase A are used to clock 
the signal from Phase B and vice versa. The hardware is 
shown in Figure 4-4. CMOS parts are used to reduce 
loading on the encoder so that buffers are not needed. 
Note that T2CLK is clocked on both edges of both 
filtered phases. 


By using this method repetitive edges on a single phase 
without an edge on the other phase will not be passed 
on to the 8096. Repetitive edges on a phase can occur 
when the motor is stopped and vibrates or when it is 
changing direction. The digital filtering technique caus- 
es a little more delay in the signal at slow speeds than 
an analog filter would, but the simplicity trade off is 
worthwhile. The net effect of digital filtering is losing 
the ability to determine the first edge after a direction 
change. This does not affect the count since the first 
edge in both directions is lost. 


NOTES: 
Phase A' is Phase A clocked by Phase B 
Phase B' is Phase B clocked by Phase A 


If it is desired to determine when each edge occurs be- 
fore filtering, the encoder outputs can be attached di- 
rectly to the 8096. As these would be input signals, Port 
o is the most likely choice for connection. It would not 
be required to connect these lines to the HSI unit, as 
the information on them would only be needed when 
the motor is going very slowly. 


The motor is driven using the PWM output pin for 
power control and a port pin for direction control. The 
8096 drives a 7438 which drives 2 opto-isolators. These 
in turn drive two VFETs. A MOV (Metal Oxide Varis- 
tor, a type of transient absorber) is used to protect the 
VFETs, and a capacitor fIlters the PWM to get the best 
motor performance. Figure 4-5 shows the driver cir- 
cuitry. To avoid noise getting into the 8096 system, the 
± 15 volt power supply is isolated from the 8096 logic 
power supply. 


This is the extent of the external circuitry required for 
this example. All of the counting and direction detec- 
tion are done by the 8096. There are two sections to the 
example: driving the motor and interfacing to the en- 
coder. The motor driver uses proportional control with 


inter 


some modifications and a braking algorithm. Since the 
main point of this example is I/O interfacing, the mo- 
tor driver will be briefly described at the end of this 
section. 


In order to interface to the encoder it is necessary to 
know the types of waveforms that can be expected. The 
motor was accelerated and decelerated many times us- 
ing different maximum voltages. It was found that the 
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motor would decelerate smoothly until the time be- 
tween encoder edges was around 100 microseconds. At 
this point the motor would either continue to decelerate 
slowly, or would suddenly stop and reverse. The latter 
case is the one that was most problematic. 


After a brief overview, each section of the program will 
be described separately, with the complete listing in- 
cluded in the Appendix D. In order to make debugging 
easier, as well as to provide insight into how the pro- 
gram is working, I/O port 1 is used to indicate the 
program status. This information consists of which rou- 
tine the program is in and under which mode it is oper- 
ating. The main program sections are: Main loop, HSI 
interrupt, Timer 2 check, and Motor drive. There are 
also minor sections such as initialization, timer over- 
flow handling, and software timer handling. Tying ev- 
erything together is some overhead and glue. Where the 
glue is not obvious it will be discussed, otherwise it can 
be derived from the listings. 


The program is a main loop which does nothing except 
serve as a place for the program to go when none of the 
interrupt routines are being run. All of the processing is 
done on an interrupt basis. 


There are three basic software modes which are in- 
voked depending on the speed of the motor. The modes 
referred to as 0, 1 and 2, in order from slowest to fastest 
operation. When the program is running the operating 


mode is indicated by the lower 2 bits of Port I, with the 
following coding: 


P1.0 P1.1 
Mode 
Description 


0 
0 
0 
HSI looks at every edge 


1 
0 
1 
HSI looks at Phase A edges only 


0 
1 
2 
Timer 2 used instead of HSI 


1 
1 
2 
(alternate 
form of above) 


The example is easiest to see if mode 2 is described first, 
followed by mode I then mode O.In mode 2 Timer 2 is 
used to count edges on the incoming signal. A software 
timer routine, which is actually run using HSO.O, uses 
the Timer 2 value to update a LONG (32-bit) software 
counter labeled POSITION. The HSO routine runs ev- 
ery 260 microseconds. The HSO.O interrupt is used in- 
stead of an actual software timer because of the ability 
to easily unmask it while other software timer routines 
are running. 


In the code in Listing 4-7, the mode is first determined. 
For the first pass ignore the code starting with the label 
in_mode_I. Starting with in_mode_2 the counter is 
incremented or decremented based on bit zero of DI- 
RECT. If DIRECT.O = 0 the motor is going back- 
ward, if it is a I the motor is going forward. Next the 
count difference is checked to see if it is slow enough to 
go into mode 1. If not the routine returns to the code it 
was running when the interrupt occurred. 
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If the pulse rate is slow enough to go to mode I, the 
transition is made by enabling HSI.O and HSI.1. Both 
of these lines are connected to the same encoder line, 
with HSI.O looking for rising edges and HSI.l looking 
for falling edges. The HSI_TIME 
register is read to 


speed up clearing the HSI FIFO and the LASTl_ 
TIME value is set up so the mode 1 routine does not 
immediately put the program into another mode. The 
HSI FIFO 
is then cleared, the Timer 2 value used 


throughout 
this routine is saved, and the routine re- 


turns. 


This routine still runs in modes 0 and I, but in an 
abbreviated form. The section of code starting with the 
label in_model 
checks to see if the pulses are coming 


in so slowly that both HSI lines can be checked. If this 
is the case then all of the HSIs are enabled and the 
program returns. This routine is the secondary method 
for going from mode 1 to mode 0, the primary method 
is by checking the time between edges during the HSI 
routine, which will be described later. 


The HSO routine will enable mode 0 from mode 1 if 
two edges are not received every 260 microseconds. The 
primary method, (under the HSI routine), can only 


enable mode 0 after an edge is received. This could 
cause a problem if the last 2 edges on Phase A before 
the encoder stops were too close to enable mode O. If 
this happened, mode 0 would not be enabled until after 
the encoder started again, resulting in missed edges on 
Phase B. Using the HSO routine to switch from mode 1 
to mode 0 eliminates this problem. 


Figure 4-6 shows a state diagram of how the mode 
switching is done. As can be seen, there are two sources 
for most of the mode decisions. This helps avoid prob- 
lems such as the one mentioned above. 


When either Mode 1 or Mode 0 is enabled the HSI 
interrupt routine performs the counting of edges, while 
the HSO routine only ensures that the correct mode is 
running. The routines for modes 0 and 1 share the same 
initialization and completion sections, with the main 
body of code being different. 


The initialization routine is similar to many HSI rou- 
tines. The flags are checked to ensure that the HSI 
FIFO data is valid, and then the FIFO is read. Next, 
the main body of code (for either mode 0 or mode 1) is 
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run. At the end time and count values are saved and the 
holding register is checked for another event. Listing 4- 
8 contains the initialization and completion sections of 
the HSI routine. 


Listing 4-9 is the main body of the Mode 1 routine. 
Before any calculations are done in Mode I, the incom- 
ing pulse period is measured to see if it is too fast or too 
slow for mode I. The time period between two edges is 
used so that the duty cycle of the waveform will not 
affect mode switching. If it is determined that Mode 2 
should be set, Port 1.1 is set, all of the HSI lines are 
disabled, and the HSI fifo is cleared. If Mode 0 is to be 
set all of the HSI lines are enabled and the variable 
LAST_STAT 
is cleared. LAST_STAT 
= 0 is used as 


a flag to indicate the first HSI interrupt in Mode 0 after 
Mode 1. After the mode checking and setting are com- 
plete the incremental value in Timer 2 is used to update 


POSITION. The program then returns to the comple- 
tion section of the routine. 


There is a lot more code used in Mode 0 than in Mode 
I, most of which is due to the multiple jump statements 
that determine the current and previous state of the 
HSI pins. In order to save execution time several blocks 
of code are repeated as can be seen in Listing 4-10. The 
first determination is that of which edge had occurred. 
If a Phase A edge was detected the LASTl_TIME 
and 


LAST2_TIME 
variables are updated so a reference to 


the pulse frequency will be available. These are the 
same variables used under Mode I. A test is also made 
to see if the edges are coming fast enough to warrant 
being in Mode I, if they are, the switch is made. If the 
last edge detected was on Phase B, the information is 
used only to determine direction. 
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After mode correctness is confirmed and the LASTx_ 
TIME values are updated 
the LAST.-STAT 
(Last 


Status) variable is used to determine the current direc- 
tion of travel. The POSITION value is then updated in 
the direction specified by the last two edges and the 
status is stored. Note that the first time in Mode 0 after 
being in Mode I, the Mode 1 done_chk 
routine is used 


to update POSITION, instead of the routines going_ 
fwd and going_rev 
from the Mode 0 section of code. 
The completion section of code is then executed. 


Providing the PWM value to drive the motor is done by 
a routine running under Software Timer J. The first 
section of code, shown in Listing 4-11a, has to do with 
calculating the position and timer errors. Listing 4-11b 
shows the next section of code where the power to be 
supplied to the motor is calculated. First the direction 
is checked and if the direction is reverse the absolute 
value of the error is taken. If the error is greater than 
64K counts, the PWM routine is loaded with the maxi- 
mum value. The next check is made to see if the motor 


is close enough to the desired location that the power to 
it should be reversed, (i.e., enter the Braking mode). If 
the motor is very close to the position or has slowed to 
the point that is likely to turn around, the Hold_Posi- 
tion mode is entered. 


The determination of which modes are selected under 
what conditions was done empirically. All of the pa- 
rameters used to determine the mode are kept in RAM 
so they can be easily changed on the fly instead of by 
re-assembling the program. The parameters in the list- 
ing have been selected to make the motor run, but have 
not been optimized for speed or stability. A diagram of 
the modes is shown in Figure 4-7. 


In the Hold.:-Position mode power is eased onto the 
motor to lock it into position. Since the motor could be 
stopped in this mode, some integral control is needed, 
as proportional control alone does not work well when 
the error is small and the load is large. The BOOST 
variable provides this integral control by increasing the 
output a fixed amount every time period in which the 
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error does not get smaller. Once the error does get 
smaller, usually because the motor starts moving, 
BOOST is cleared. 


A sanity check can be performed at this point to double 
check that the 8096has proper control of the motor. In 
the example the worst that can happen is the proto- 
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type will need to be reset, so the sanity check was not 
used. If one were desired, it could be as simple as 
checking a hardware generated direction indicator, or 
as complex as checking motor condition and other en- 
vironmental factors. 


After all checks have been made, the power value is 
loaded to the RPWR register using a software inversion 
to compensate for the hardware inversion. Direction is 
determined 
next and the power and direction 
are 


changed in adjacent instructions with interrupts dis- 
abled to prevent changing power without direction and 
vice versa. 


To exercise the program logic the desired position is 
changed based on the time value using the code and 
lookup table shown in Listing 4-12. 


The remaining sections of the program are relatively 
simple, but worth discussing briefly. The initialization 
routine initializes the I/O features and places several 
variables from ROM into RAM. Having these variables 
in RAM makes it easier to tweak the algorithm. Timer 
I is expanded into a 32-bit timer by the interrupt rou- 
tine shown in Listing 4-13. 


Software timer overhead is handled by the routine 
shown in Listing 4-14. In this routine the status of each 
timer bit is checked in a shadow register. If any of the 
timers have expired the appropriate routine is called. 
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The last routine, shown in Listing 4-15, is the Software 
Timer 2 routine which outputs some variables to exter- 
nal RAM. It also keeps LASTl_Time 
within 1800H 


of Timerl 
to prevent overflows from occurring when 


the Mode 0 and Mode 1 software check this variable. 


A complete listing of the program as it is used in our 
lab can be found in Appendix D. For a given motor or 
encoder it will probably be necessary to change some of 
the time constants on the first page of the listing. With 
the motor 
used in our experimentation, 
pulses are 


missed from time to time when direction 
changes 


quickly. If the motor were not as fast to turn around or 
the encoder were mounted better these problems should 
disappear. The missing pulses occur when switching 
from Mode I to Mode 0, other than that no anomalies 
were found in the lab. 


Prior to the version of code just discussed, several at- 
tempts were made, one of which could be used under 
certain constraints. It is possible to use only modes 2 
and 0 to monitor the encoder, provided the encoder 


always operates smoothly and provides at least 200 mi- 
croseconds between the last several edges of Phase A 
before reversing. This idea was originally tried because 
the motor was not characterized 
thoroughly at first, 


and caused problems because of the motors tendency to 
stop suddenly when its speed was low. 


If an encoder has a lower line count and therefore more 
time between output pulses the two mode solution can 
be used. The software for the two mode version can be 
easily extracted form the three mode version, so it will 
not be presented. 


The diagram in Figure 5-1 illustrates how to connect an 
8096 in a minimum configuration system. Either 2764s 
or 27128s can be used in the system. Note that the 
lower EPROM contains the even bytes while the upper 
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4K is mapped at 2000H. If the program being loaded is 
16 Kbytes long the first half is loaded into the second 
half of the 2764s and vice versa. A similar situation 
exists when using 27128s. 
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ADI 


02 
02 
•• 
ADa 
3 
, 
"A' 
•• A7 
I 
AI 
" 
ADa 


D. 
01 
00 


~ 


"A' 
S 
AS 


20 
GND 
74LS373 
"AS 
I 
CE E- "* 


AI 
DE 
•••• 
7 
A3 
•• A3 
• 
A2 
"A2 
• 
A• 


•• Al 
•• 


YPP~ 


A. 


vpp 
2764 


~ 


GND 
27128 


" 


AD 
~ 


vCC 


V1 
T 
ALE 
" 
vccJ 


21 
G 
vCC 


1 
DC 
21 
PG •• 
.7 
It 
AD7 


~ 


AD7 
11 
DI 
01 
It 
•• A7 
IIIA1 • 
•• 
A13 
•• 
11 
ADO 


AQI 
17 
11 
1IA1 
MAU 
, 
A12 
.S 
17 
ADS 
07 
07 
ADS 
•• 
15 
liAS 
IlIA12 
23 
A" 
.1 
11 
ADI 


DO 
QI 
ADI 
13 
12 
IIAI 
...." 
" 
A•• 
.3 
15 
AD3 


DS 
OS 


AD' 
• 
• 
IIA3 
111.,0 
•• 
A' 
., 13 
AD' 
DI 
01 
AD2 
7 
I 
"A' 
IIA, 
25 
A' 
•• 
12 
' AD' 


03 
03 
ADl 
I 
S 
•.... 
IIA • 
3 
A7 
00 " 
AOO 
0' 
0' 
"00 
3 
, 
II ••• 
IIA7 
I 
AI 
CE 
20 
D' 
O. 


~ 


IIA. 
S 
AS 
DE lL- 
~ 
GND 
74LS373 
II ••S 
I 
AI 
IIAI 
7 


IIA3 
• 


A3 


1IA2 
• 
A' 
AD 
:= ADOAESS 
DATA 
IIAl 
I. 
A' 
iliA 
:= MEMORY 
ADORESS 
YPp--i 
A. 


vpp 
2764 


~ 


GND 
27128 


AOO-AD15 
~ 
. <. 
~ 


This circuit will allow most of the software presented in 
this ap-note to be run. In a system designed for proto- 
typing in the lab it may be desirable to buffer the I/O 
ports to reduce the risk of burning out the chip during 
experimentation. 
One may also want to enhance the 


system by providing RC filters on the A to D inputs, a 
precision VREF power supply, and additional RAM. 


the usage of the lines can be restricted to inputs or 
outputs on a port by port rather than line by line basis. 
The ports are reconstructed by using standard memory- 
mapped I/O 
techniques, (i.e., address decoders and 


latches), at the appropriate 
addresses. If no external 


RAM is being used in the system then the address de- 
coding can be partial, resulting in less complex logic. 


The reconstructed I/O ports will work with the same 
code as the on chip ports. The only difference will be 
the propagation delay in the external circuitry. 


If it is desired to fully emulate a 8396 then I/O ports 3 
and 4 must be reconstructed. It is easiest to do this if 


An overview of the MCS-96 family has been presented 
along with several simple examples and a few more 
complex ones. The source code for all of these pro- 
grams are available in the Insite Users Library using 
order code AE-16. Additional information on the 8096 
can be found in the Microcontroller Handbook and it is 
recommended that this book be in your possession be- 
fore attempting any work with the MCS-96 family of 
products. Your local Intel sales office can assist you in 
getting more information on the 8096 and its hardware 
and software development tools. 
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SOURCE 
FILE 
F3 
INTERI 
A96 
ODJECT 
FILE 
F3. INTERI 
ODJ 
CONTROLS 
SPECIFIED 
IN INVOCATION 
COMMAND 
NOSB 


0022 


0022 
0024 
0026 
0028 
0028 
~ 
002A 
002C 
~ 
002E 
-l 
0030 
III 


(J) 
0- 
cr 
0, 
r- 
2080 
(J) 
00 
2080 
AI000118 
lIl" 
C 
'0 
2084 
D0221C 
2087 
18031C 
208A 
71FEIC 


208D 
ACICIC 
2090 
A31D002124 


LINE 
1 
2 
3 
4 
=1 
5 
=1 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 


SOURCE 
STATEMENT 
STITLE< 
'INTERl 
A96: 
Interpol.tion 
routine 
I') 


,;; 
i, 
ii 
80~6 
Assemblv 
code 
for 
t.ble 
lookup 
.nd 
interpol.tion 


$INCLUDE('FO 
DErl096. 
INe) 
. 
Include 
demo 
definitions 
$00115t 
Turn 
listing 
off 
for 
include 
fl1e 
End 
of 
include 
file 


IN_VAL: 
TABLE_LOW: 
TABLE_HIQH: 
IN_DIF: 
IN_DIFB 
TAB_DIF: 
OUT: 
RESULT: 
OUT_DIF: 


1 
Actu •• 
Input 
V.lue 
1 
I 
1 
Upper 
Input 
- 
Lower 
Input 
IN_DIF 
:b~t. 
1 
Upper 
Output 
- 
Lower 
Output 
1 
1 
1 
; 
Del t. 
Out 


; Load 
temp 
with 
Actual 
Value 
Dlvid. 
the b~t. 
b~ 8 
Insure 
AL 
is 
• 
word 
address 
This 
eff.ctiv.l~ 
divides 
AL 
b~ 2 
50 
AL = 
IN_VAL/16 


LDBIE 
AX. 
AL 
Lo.d 
b~t. 
AL 
to word 
AX 
LD 
TABLE_LOW. 
TABLE 
lAX] 
TABLE_LOW 
i. lo.d.d 
with 
the 
v.lu. 


in 
the 
table 
at 
t.ble 
location 
AX 


LDB 
SHRB 
ANDB 


AL. 
IN_VAL 
AL •• 
3 
AL. 
.111 I 11lOB 


209A 
4824262A 


209E 
510F2228 


20A2 
Ae2828 


20A5 
FE4e2A2830 


20AA 
OE0430 


?> 
20AD 
4424302C 
-~ 
III 
2081 
OA042e 
CTii' 
2004 
A4002C 


r- 
2087 
C02E2C 
0 
0) 
0 
u, 
~ 
200A 
27C8 
C 
-...J 
'0 
a 
2100 
0~ 
2100 
000000200034004C 
:i" 
2108 
005DOObA00720078 
c: 
(l) 
2110 
0070007D0076006D 
S 
2118 
005D004B00340022 
2120 
0010 


2122 


LD 
TABLE_HIGH. 
<TABLE+2HAXJ 
i 
TABLE_HIGH 
i5 
10Ad.d 
with 
th. 
value 
in th. 
table 
at 
tabl. 
location 
AX+2 


j 
(Th. n•• t 
vatu. 
in 
the t.bl.) 


IN_DIFB-I.ast 
significAnt 
4 bits 
of 
IN_VAL 
Load 
b~t. 
IN_DIFB 
to word 
IN_DIF 


Output_difference 
Input_differenc 
•• T.bl __ differenc. 
OUT_DIF •• 4 
J 
Divide 
b~ 
i6 
12**41 


OUT. 
OUT_DIF. 
TABLE_LOW 
Add 
output 
d.fference 
to output 


generated 
wlth 
truncated 
IN_VAL 


as 
input 


OUT, 
.4 
Round 
to 
12-bit 
answer 


OUT, 
zero 
Round 
up 
lf 
Carr'4 
= 


Dew 
OOOOH. 
2000H. 
3400H. 
4COOH 
i 
A randoM 
function 
DeW 
5DOOH. 
6AOOH. 
7200H. 
7800H 
DCW 
7BOOH. 
7DOOH. 
7600H. 
6DOOH 
DCW 
5DOOH. 
4BOOH. 
3400H. 
2200H 
Dew 
1000H 


SOURCE 
FILE 
F3 
INTER2 
A96 
OBJECT 
FILl:: 
F3 
INTER2 
OB.) 
CONTROLS 
SPECIFIED 
IN 
INVOCATION 
COMMAND 
NOSB 


0024 


0024 
0026 
J- 
0028 
~ 
002A 


-f 
002A 
III 
002C 


0> 
tT 
002E 
en 
ii' 
0030 
r- 
OO 
00~ 
2080 
c: 
'a 
N 
2080 
AIOOOl18 


2084 
B0241C 
2087 
18031C 
208A 
71FEIC 


2080 
ACICIC 


2090 
A31D002126 


2095 
A31D222128 


LINE 
1 
2 
3 
4 
5 
6 


~1 
7 


=1 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 


$INCLUDE( 
FO.DEM096 
INC) 
. 
Include 
demo 
defin,t,ons 


Snolist 
Turn 
listing 
off 
for 
Include 
file 
End 
of 
Include 
file 


IN_VAL 
TABLE_LOW: 
TADLE_INC 
IN_DIF: 
IN_DIFB 
OUT 
RESULT. 
OUT_DIF: 


I 
I 
I 
I 
IN_DIF 
I 
I 
I 


Actual 
Input 
Value 
Table 
value 
for 
function 
Incremental 
change 
In 
function 
Upper 
Input 
- 
Lower 
Input 


CSEG 
at 
2080H 


LD 
SP. 
*IOOH 


look: 
LDB 
AL. 
IN_VAL 
SHRD 
AL. 
*3 
ANDB 
AL. 
*"1110B 


LDBIE 
AX. 
AL 


Load 
t.mp 
with 
Actual 
Value 
Divide 
the 
b~te 
b~ 
8 
Insure 
AL 
15 
a 
word 
address 
This 
effectlvel~ 
diVides 
AL 
b~ 
2 
so AL 
= 
IN_VAL/16 
Load 
b~te 
AL 
to 
word 
AX 


TABLE_INC 
IS 
loaded 
with 
the 
value 
In 
the 
increment 
table 
at 
location 
AX+2 


• 
~ 
~ 
D'it 
l) 
m 
0 
71: 
0, 
c: 
CD 
'Q 
N 
() 
0aS' 
c:: 
(!).e, 


2100 
2100 
0000002oo034004e 
2108 
005D006A00720078 
2110 
0078oo7D0076006D 


2118 
005D004800340022 
2120 
0010 
2122 
2122 
0002400180011001 


212A 
0000800060003000 
2132 
2oo090FF70FFOOFF 
213A 
EOFE90FEEOFEEOFE 


i 
IN_DIF8xl.A.t 
.ignificAnt 
4 
bits 
of 
IN_VAL 
Load 
but. 
IN_DIF8 
to word 
IN_DIF 


MUL 
OUT_DIF. 
IN_DIF. 
TA8LE_INC 


i 
Output_dlff.r.nc. 
Input_diff.r.nc.*Incr.~.nt.l_ch.ng. 


ADD 
OUT. 
OUT _DIF. 
TABLE_LOW 
, 
Add 
output 
diff.l'~nce 
to 
output 
gener.ted 
with 
truncAted 
IN_VAL 
AS 
input 
SHR 
OUT. 
.4 
Round 
to 
12-b It .ns",er 


ADDe 
OUT. 
zero 
Round 
up 
if CarrlJ 
= 


no -inc. 
ST 
OUT. 
RESULT 
Store 
OUT 
to RESULT 
BR 
look 
Branch 
to 
"look: " 


VAl_tAb I.: 


DeW 
Dew 
Dew 
Dew 
Dew 
Inc_tAbl.: 


Dew 
Dew 
Dew 
Dew 


OOOOH. 
5000H. 
780OH. 
5000H. 
looOH 


0200H. 
ooDOH. 


00020H. 
OFEEOH. 


200OH. 
3400H. 
4eOOH 
i 
A 
rAndo. 
function 
6AOOH. 
7200H. 
7800H 


7DOOH. 
7bOOH. 
bOOOH 


4800H. 
340OH. 
2200H 


OI4OH. 
008OH. 


OFF9OH. 
OFE9OH. 


0180H. 
OObOH. 


OFF70H. 
OFEEOH. 


OIIOH 
0030H 
OFFOOH 
OFEEOH 


SERIES-III 
PL/M-9b 
VI 
0 COMPILATION 
OF 
MODULE 
PLMEX 
OBJECT 
MODULE 
PLACED 
IN 
FJ 
PLMEXI 
OBJ 
COMPILER 
INVOKED 
BY 
PLM9b 
8b 
FJ 
PLMEXI 
P9b 
CODE 


DECLARE 
IN_VAL 
DECLARE 
TABLE_LOW 
DECLARE 
TADLE __HIGH 
DECLARE 
TABLE_DIF 
DECLARE 
OUT 
DECLARE 
RESULT 
DECLARE 
OUT _DIF 
DECLARE 
TEMP 


DECLARE 
TABLE(17) 
OOOOH. 
2000H. 


SDOOH. 
bAOOH. 


7BOOH. 
7DOOH. 
SDOOH. 
4BOOH. 
IOOOH); 


WORD 
INTEGER 
INTEGER 
INTEGER 
INTEGER 
INTEGER 
LONGINT 
WORD 


PUBLIC; 
PUBLIC; 
PUBLIC; 
PUBLIC; 
PUBLIC; 
PUBLIC; 
PUBLIC; 
PUBLIC; 


INTEGER 
DATA 
3400H. 
4COOH. 


7200H. 
7BOOH. 


7bOOH, 
bDOOH, 
3400H, 
2200H, 


DMPY 
PROCEDURE 
(A.B) 
LDNGINT 
EXTERNAL; 
DECLARE 
(A,B) 
INTEGER; 


END 
DMPY, 


1* 
If "TEMP" 
•••• repl.ced 
b~ 
"SHR<JN_VAL.4)" 
*1 
/* 
The 
code 
would 
work 
but 
the 
8096 
would 
*1 
/* 
do two 
sh 1fts 
., 


TABLE_DIF=TABLE_HIGH-TABLE_LOW. 


OUT_DIF=DMPY(TABLE_DIF.SIGNED(IN_VAL 
AND 
OFH)) 
lib; 


_. 


20 
I 
IF CARRY=O 
THEN 
RESULT=OUT, 
/* Using 
tho 
h.rdw.r. 
fl.gs 
must 
b. 
don. 
*/ 


I I cf 
22 
I 
ELSE 
RESULT=OUT+l, 
1* 
with 
c.re 
to 
ensure 
the 
flag 
is 
t.st.d 
*/ 
/* 
in 
the 
desired 
instruction 
s.~u.nc. 
*/ 
23 
I 
GO TO 
LOOP, 


/* END 
OF 
PLM-96 
CODE 
*/ 


24 
I 
END, 


270061-69 


PL/M-96 
COMPILER 
PLMEXI 
PLM-96 
ElampJ. 
Cod. 
for 
rable 
Lookup 
ASSEMBLY 
LISTING 
OF 
OB~ECT 
CODE 
• 
~ 
'V 
STATEMENT 
14 
r- 
0022 
PLMEX: 
~ 
0022 
AIOOOOIB 
R 
LD 
SP,IISTACK 
. 
CQ 
0026 
LOOP: 
ell 
0026 
AOOOIO 
R 
LD 
TEMP, IN_VAL 
0 
0 
0029 
080410 
R 
SHR 
TEMP,1I4H 
0- 
, 
STATEMENT 
I~ 
CD 
002C 
4410101C 
R 
ADD 
TMPO,TEI1P,TEI1P 
~ 
0030 
A31DOOOO02 
R 
LD 
TABLE_LOW,TABLE[TMPOl 
I I 


~ 
0> 
;:;: 
STATEI1ENT 
16 
'U 
m 
::s 
I 
'" 


003~ 
A31D020004 
R 
LD 
TABLE_HIGH,TABLE+2H[TI1POl 
N 
....•. 
)( 
, 
STATEI1ENT 
17 
~ 
'U 
C» 
III 
003A 
48020406 
R 
SUB 
TABLE_DIF,TABLE_HIGH,TABLE_LOW 
::J 
, 
STATEI1ENT 
18 
III0- 
003E 
C806 
R 
PUSH 
TABLE 
DIF 


::J 
0040 
410FOOOOIC 
R 
AND 
TI1PO,IN_VAL, IIOFH 
0 
0045 
C81C 
PUSH 
TI1PO 
0 
0047 
EFOOOO 
E 
CALL 
DI1PY 
a 
004A 
0E041C 
SHRAL 
TI1PO,114H 
::J 
004D 
AOIEOE 
R 
LD 
OUT_DIF+2H,TI1P2 
c 
0050 
AOICOC 
R 
LD 
OUT 
DIF,TI1PO 
(J) 
.9: 
, 
STATEMe:NT 
19 
0053 
A00220 
R 
LD 
TI1P4,TABLE_LOW 
0056 
0620 
EXT 
TMP4 
0058 
641C20 
ADD 
TI1P4,TI1PO 
005B 
A41E22 
ADDC 
TI1P6,TMP2 
005E 
OE0420 
SHRAL 
TMP4,1I4H 


0061 
A02008 
R 
LD 
OUT,TMP4 
, 
STATEMENT 
20 
0064 
BIFFIC 
LDB 
TI1PO,IIOFFH 
0067 
DB02 
BC 
.0003 
0069 
lllC 
CLRB 
TI1PO 
006B 
110003: 


270061-70 


-- 


OObB 
981COO 
CI1PB 
RO. TI1PO 
t 
OObE 
070:5 
BNE 
t!l0001 
STATEMENT 
21 
0070 
A0200A 
R 
LD 
RESULT.TMP4 
0073 
200:5 
BR 
t!l0002 
STATEI1ENT 
22 


007:5 
@0001: 


007:5 
A0080A 
R 
LD 
RESULT. OUT 
0078 
070A 
R 
INC 
RESULT 
STATEI1ENT 
23 
007A 
@0002: 


007A 
27AA 
BR 
LOOP 


STATEMENT 
24 
END 


MODULE 
INFORMATION: 


CODE 
AREA 
SIZE 
OO:5AH 
900 
CONSTANT 
AREA 
SIZE 
0022H 
340 
DATA 
AREA 
SIZE 
OOOOH 
00 
STATIC 
REGS 
AREA 
SIZE 
0012H 
IBD 


OVERLAYABLE 
REGS 
AREA 
SIZE 
MAXIMUM 
STACK 
SIZE 
48 
LINES 
READ 


SOURCE 
FILE 
:F3'MULT 
A96 
OBJECT 
FILE: 
.F3:MULT.OBJ 
CONTROLS 
SPECIFIED 
IN 
INVOCATION 
COMMAND: 
NOSB 


0000 
CC04 
0002 
CCOO 
0004 
FE6EI900 


LINE 
SOURCE 
STATEMENT 
I 
_TITLE( 
'MULT. APT: 
16*16 
mult, p I~ 
procedure 
for 
PLM-96, 
) 
2 
3 
4 
SP 
EGU 
18H:word 
5 
6 
rseg 
7 
EXTRN 
PLMREG 
:long 
8 
9 
eseg 
10 
11 
PUBLIC 
DMPY 
Multip I~ two 
integers 
and 
return 
a 
12 
longint 
result 
in 
AX, 
DX 
registers 
13 
E 
14 
DMPY: 
POP 
PLMREG+4 
; 
Load 
return 
.ddress 
E 
15 
POP 
PLMREG 
; 
Load 
one 
operand 
E 
16 
MUL 
PLMREG. [SPJ+ 
, Load 
second 
operilnd 
and 
increment 
5P 
17 
E 
18 
BR 
[PLMREG+4J 
; 
Return 
to PLM 
code, 


19 
END 


INPUT 
FILES: 
:F3:PLMEXI.OBJ. 
·F3·MlR.T.OBJ. 
PLM96. LIB 


OUTPUT 
FILE: 
:F3:PLMOUT.OBJ 
CONTROLS 
SPECIFIED 
IN 
INVOCATION 
COMMAND: 


ROM(2080H-3FFFH) 


INPUT 
MODULES 
INCLUDED: 


·F3:PLMEX1 
OBJ(PLMEXI 
12/25/84 


·F3:MULT.OBJ(MUlT) 
12/25/84 
PLM96.LIB(PLMREGI 
11/02/83 
• 
SoJ 
SEGMENT 
MAP 
FOR 
:F3: PLMOUT. OBJ(PLl1EXI: 


"Dr- 
TYPE 
BASE 
LENGTH 
ALIGNtlENT 
MODULE 
NAME 
i:. 
--------- 
----------- 
(D 
CII 
(') 
__RESERVED_ 
OOOOH 
001AH 
0 
.*. GAP *.* 
001AH 
0OO2H 
a. 
HEG 
OOICH 
0008H 
ABSOLUTE 
PLMREg 
CD 
~ 
REG 
0024H 
0012H 
WORD 
PLMEX 
;; 
STACK 
0036H 
0006H 
WORD 
<» 
:r 
--- 
gAP --- 
003CH 
2044H 
m '" 
CODE 
2080H 
0003H 
ABSOLUTE 
PLMEX 
~ 
)II 
--- 
GAP --- 
2083H 
OOOIH 
'U• 
CODE 
2084H 
007CH 
WORD 
PLMEX 
:;, 
CODE 
2100H 
OOOAH 
BYTE 
I'IUL 
T 
S- 
*** 
GAP 
••• 
210AH 
DEF6H 
:;, 
'0 
0a 
:Jc: 
(I).9: 


ATTRIBUTES 
VALUE 
NAME 


---------- 


PUBLICS 


REG 
WORD 
0024H 
IN_VAL 
REG 
INTEGER 
002bH 
TABLE_LOW 


REG 
INTEGER 
002BH 
TABLE_HIGH 
REG 
INTEGER 
002AH 
TABLE_DIF 
REG 
INTEGER 
002CH 
OUT 


REG 
INTEGER 
002EH 
RESULT 


REG 
LONGINT 
0030H 
OUT_DIF 
REG 
WORD 
0034H 
TEMP 
CODE 
ENTRY 
2100H 
DMPY 
REG 
LONG 
OOICH 
PLMREG 
NULL 
NULL 
003CH 
MEMORY 
NULL 
NULL 
IFC4H 
?MEMORY _SIZE 


MODULE: 
PLMEX 


MODULE: 
I1ULT 


MODULE: 
PLMREG 


SOURCE 
FILE 
F3 
PULSE 
A96 
oDJECT 
FILE 
F3 
PULSE 
ooJ 
CONTROLS 
SPECIFIED 
IN 
INVOCATION 
CoMMANll 
NoSIl 


LINE 
I 
2 
3 


=1 
4 
=1 
52 
53 
54 
55 
56 
'7 
58 
59 
bO 
bl 
b2 
b3 
b4 
b5 
bb 
b7 
b8 
b9 
70 
71 
72 
73 
74 
75 
7b 
77 
78 
79 
80 
81 
82 
83 
84 
85 
8b 
87 


0028 


0028 
002A 
002C 
002E 
:.- 
0030 
~ 
'V 
Cii 
2080 


-- 
0> ~ 
en - 
0> • 
2080 
AI000118 
• 
2084 
BI0115 
C.. 
2087 
DIOF03 
-3 
~ 
- 


208A 
442A2B2C 
::lI 
208£ 
3Elb03 
- 
2091 
371bFb 


2094 
DOOblC 


2097 
A00420 


209A 
391C09 


2090 
C03020 
20AO 
482E3028 


20A4 
27E4 


20Ab 
C02E20 


fINCLUDE(DEM09b 
INC) 
'noli5t 
Turn 
11stln~ 
off 
for 
include 
file 


End 
of 
Include 
fIle 


HIGH_TIME: 
ds •• 
LOW_TIME: 
ds •• 
PERIOD: 
ds •• 
HI_EDGE· 
ds •• 
LO_EDGE: 
ds •• 


LD 
LOB 
LOB 


wAi t: 
ADD 
J8S 
JDe 


contin: 
LDD 


LD 


.J8S 


h.i 
10: 
ST 
SUIl 
DR 


hsi -hi· 
ST 


SP. 
.IOOH 
lOCO. 
.00000001B 
HSI_I'IODE•• 000011118 


PERIOD. 
HIGH_TIME. 
LOW_TIME 
1051. 
b. 
contin 
If FIFO 
is 
full 
lOSt, 
7, 
wAit 
; WAit 
Whll. 
no 
puIs. 
is ent.r.d 


OX. 
LO_EDGE 


HIGH_TIME. 
LO_EDGE. 
HI_EDGE 
wait 


20A9 
48302E2A 
88 
SUB 
LOW_TIME. 
HI_EDGE. 
La_EDGE 
20AD 
27DB 
89 
BR 
wait 
90 
20AF 
91 
END 


ASSEMBLY 
COMPLETED. 
NO 
ERRORCS) 
FOUND. 
270061-76 
l 


:.-~ 
'Vcii 
CD 
~ 
CD•• 
» 
• 
m 
c 
'U 
0> .. 
. 
CD 
N 
-..J 
3 
.a:o. 


CD 
CI» 
;:,.• 
0 
0a. 
:r 
c: 
CDS, 


SOURCE 
f-Il~ 
~] 
~NHSI 
A'll.• 
(I0J~cr 
~ Il.E 
F3 EM/SI 
lllLJ 
ClINll<OLS SPECIFI[O 
IN 
INVOCAIION 
COMMANll 
NOSO 


INE 


I 
2 
3 


~1 
4 


=1 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 


0028 


0028 
:. 
002A 
in 
002C 
'" 


002E 
::J 
002F 
:s 
0030 
III::J 
0032 
n 
0034 
CDa. 
0036 
(j) 
'V 
en 
c: 
2080 
iii 
CXl 
CD 
iI: 
2080 
A1000118 


CD 
III 
2084 
012516 
III 
c:.. 
CD3 
2087 
019903 
CD 
208A 
010715 
::J.. 


2080 
717F2F 


2090 
90162F 


2093 
372FF7 


2096 
51 55062E 
209A 
A00428 


$INCLUOE(OEM096 
INC) 


.nollst 
Turn 
listing 
off 
for 
Include 
file 
End 
of 
Include 
fIle 


cseg 
~t 


init 
LO 


LOB 


LOB 
LOB 


TIME 
LAST __R ISE 
LASTfALL· 
HSI_SO 
IOSI_BAK 
PER 100: 
LOll_TIME 
HIGH_TIME. 
COUNT 


set 
hsi. 
1 -, 
hsi. 
0 
+ 


Enabl" 
hSl 
O. I 
T2 
CLOCK=T2CLK. 
T2RST=T2RST 
Cleoar 
timer2 


CI"ar 
IOSI_BAK_ 
7 
Store 
Into 
temp 
to 
avoid 
clearing 
other 
flags 
which 
",a~ be 
needed 
If 
hSl 
15 
not 
triggered 
then 


Jump 
to 
walt 


:.- 
'"'" 
:J=r••:Jn 
III 
Go 
'U 
Ciii 
III 
0) 
~ 
0> 
III 
<0 •• 
III 
C.. 
III3 
III:J-0 
03- 
s·c 
CD.B 


209D 
3B2E05 
BB 
JBs 
20AO 
3A2EOF 
B9 
JBs 
20A3 
201A 
90 
BR 
91 
20A5 
4B2C2B32 
92 
a_ri se< 
SUB 
20A9 
4B2A2B30 
93 
SUB 
20AD 
A02B2A 
94 
LD 
20BO 
200B 
95 
BR 
96 
20B2 
4B2A2B34 
97 
a-fall. 
SUB 
2086 
4B2C2B30 
9B 
SUB 
20BA 
A02B2C 
99 
LD 
100 
20BD 
101 
incr~ment: 


20BD 
0736 
102 
INC 
20BF 
27CC 
103 
no_cot. 
BR 
104 
20Cl 
105 
END 


ASSEMBLY 
COMPLETED. 
NO 
ERRORlsl 
FOUND. 


HSI_sO. O. a_rise 
HSI_SO. 2. a_fall 
no_cot 


LOW_TIME. 
TIME. 
LAST_FALL 
PERIOD. 
TIME. LAST_RISE 
LAST_RISE. 
TIME 
increment 


HIGH_TIME. 
TIME. 
LAST_RISE 


PERIOD. 
TIME. LAST_FALL 
LAST_FALL. 
TIME 


SOURCE 
FILE: 
F3:HSODRV 
A96 
OBJECT 
FILE: 
F3:HSODRV 
OBJ 
CONTROLS 
SPEC IFIED 
IN 
INVOCATION 
COMMAND 
NOSB 


:.-~ 
." 
0028 
~i: 
a> 
C 
0028 
~ 
IIJS' 
002A 
0 
CO 
002C 
- 
002E 
;;r 
III 
0030 
:I: 
en 
2080 
0 


2080 
FA 
2081 
AIOOOl18 
2085 
510FI500 
2089 
950FOO 


208C 
208C 
AIOOOl22 


2090 
AIOOIOIC 
2094 
48221C20 


2098 
A0221C 


LINE 


I 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 


~I 
12 
~I 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
E 
78 
E 
79 
80 
81 
82 
83 
84 
8:l 
86 
87 


PUBLIC 
PUBLIC 
PUBLIC 
PUBLIC 


HSO_ON_O 
HSO_OFF_O 
HSO_ON_I 
HSO_OFF_I 
HSO 
TIME 
HSO_COMMAND 
SP 
• TIMER I • 
1050 


f INCLUDE IDEM096. INCl 
Snolist 
Turn 
listing 
off 
for 
include 
file 
End 
of 
include 
file 


HSO 
ON_O: 
dsw 
HSO_OFF_O: 
dsw 
HSO_ON_I: 
dsw 
HSO_OFF_I: 
dsw 
count: 
dsb 


strt: 
DI 
LD 
SP. 
1I100H 
ANDB 
OLD_STAT. 
1050. 
1I0FH 
XORB 
OLD_STAT. 
1I0FH 


initi.l: 
LD 
CX. 
1I0100H 


loop: 
LD 
AX. 
IIIOOOH 
SUB 
BX. 
AX. 
CX 
LD 
AX. 
CX 


2098 
C0281C 
209E 
C02A20 


20A1 
OBOllC 
20A4 
080120 
20A7 
C02C1C 
20AA 
C02E20 


20AD 
EFOOOO 


2080 
0722 
2082 
89000F22 
2086 
D7D8 


2088 
27D2 


• 
20BA 
1» 
'V 
A55EII8LY 
COIIPLE1ED. 


~ 
!I:c• 
S-a 
Ol - 
~ 
:z 
CD 
....•. 
:%:en00 
0:l 
!:!::l 
c: 
CD.s. 


51 
AX. 
HSO_ON_O 
51 
BX. 
HS03lFF _0 


5HR 
AX •• 1 
5HR 
eX •• 1 
51 
AX. 
HSO_ON 
1 
51 
BX. 
HSO_OFF -1 


CALL 
wait 


INC 
CX 
CliP 
CX. 
1I0OFOOH 


BNE 
loop 


DR 
initial 


END 


SOURCE 
FILE 
F3.HSOMOD 
A9b 
OBJECT 
FILE. 
F3.HSOMOD 
OBJ 
CONTROLS 
SPECIFIED 
IN 
IINOCATION 
COMI1AND 
NOSO 


LINE 
I 
2 
3 
4 
5 
b 
7 
8 
9 
10 
II 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 


:.- 
jII 


'V~i:c• 
S- 
10 
(j) - 
~ 
:r 
CI 
I\) 
:J: 
0000 
en0 
'0 
0000 


0a 
S' 
c: 
CIl.S: 


0001 
0002 


0000 


0000 
3EOOFD 


0003 
FD 


SOURCE 
STATEMENT 
.TITLEI 
'HSOMOD. A96: 
8096 
PWM 
PROGRAM 
MODIFIED 
FOR 
DRIVER') 
.PAGEWIDTHI1301 


NOTE: 
U.e 
thi. 
file 
to 
replace 
the 
declaration 
.ection 
of 
the 
HSO 
PWM 
program 
from 
·.INCLUDEIDEM09b. 
INC I" through 
the 
line 
prior 
to 
the 
label 
·wait". 
Al.o 
change 
the 
last 
br.nch 
in 
th~ 
program 
to 
a 
"RET". 


D_STAT: 
eltTn 
eltrn 
eltTn 
.ltTn 
eltTn 


I 
HSO_OFF 
0 
:word 
HSO_OFF _I 
:word 
HSO_COMMAND 
:b~te 
1050 
:b~te 


HSO 
ON_O 
HSO_ON_! 
HSO_TIME 
TIMER! 
SP 


: ..-ord 
: word 
: -.tord 
: word 
: word 


public 
OLD_STAT 
OLD_STAT: 
dsb 
NEW_STAT: 
dlb 


For 
opperaUon 
with 
,nterrupts 
'store_stat.' 
would 
be 
the 
entr~ 
point 
of 
the 
routine. 


Note 
that 
a 01 
or PUSHF 
m,ght 
have 
to 
be 
added 


0004 
0004 
:)IOFOO02 
0008 
980201 
OOOB 
DFF3 
0000 
940201 


0010 
DOlO 
300113 
0013 
380209 


0016 
0016 
013000 


0019 
44000000 
0010 
2007 


~ 
OOIF 
!'» 
OOIF 
011000 
." 
0022 
44000000 
~ 
0026 
11: 
0026 
310113 
c: 
0029 
390209 
IIIS- 
O 
002C 


C1> .. 
002C 
BI3100 
~ 
::r 
CD 
002F 
44000000 
W 
:z: 
0033 
2007 
~ 
0035 
0 
0035 
Bl1100 
0 
0038 
44000000 
:;, 
S" 
003C 
c: 
CD 
003C 
B00201 
.B 


003F 
FO 


0040 


ASSEMBLY 
COMPLETED. 


4:) 
E 
46 
R 
47 
48 
R 
49 
50 
:)1 
52 


R 
53 


R 
:)4 
5:) 
56 
E 
:)7 


E 
:)8 
:)9 
60 
61 
E 
62 
E 
63 
64 
6:) 
R 
66 
R 
67 
68 
69 
E 
70 
E 
71 
72 
73 
74 
E 
7:) 
E 
76 
77 
78 
R 
79 
80 
81 
82 
83 
84 
8:) 


storeo_st.t: 


ANDO 
CMPB 
,JE 
XORO 


set_on_O: 


LOB 
ADD 
BR 


set_off 
_0' 


LOB 
ADD 


set_on 
I: 


- 
LOB' 
ADD 
BR 


set_off 
I: 
LOB 
ADD 


NEW_STAT. 
OLD_STAT. 
wait 
OLD_STAT. 


Set 
HSO For 
timer!. 
set 
pin 
0 


Time 
to 
set 
pin 
= 
Timer! 
value 
+ 
Time 
for 
pin 
to 
be 
low 


Set 
HSO For timer" 
cle.r 
pin 
0 
Time 
to 
clear 
pin 
= 
Timer! 
value 


+ 
"Time 
For 
pin 
to 
be 
high 


HSO 
COMMAND •• 001100000 


HSO_TIME. 
TIMERI. 
HSO_OFF 
0 
checll: 
1 


HSO_COI1MAND •• 00110001B 
HSO_TIME. 
TIMERI. 
HSO_OFF_I 
check_done 


Set 
HSO for 
timer!. 
cle.r 
pin 
1 
Tim. 
to 
clear 
pin 
= 
Ti •• rl 
value 


+ 
Time 
for 
pin 
to 
be 
high 


SUURCE 
FILE 
F3 SP A96 
ODJECT 
FILE 
F3 SP ODJ 
CONTROLS 
SPECIFIED 
IN INVOCATION 
COMMAND 
NOSD 


0028 


0028 
0029 
002A 
0028 
002C 
~ 
200C 
~ 
fA 
200C 9C20 
0) 
CD 
~ 
::!. 


""" 
!. 
2080 
" 
0 
2080 
AI000118 
~ 
2084 
812016 


LINE 
I 
2 
3 
4 
=1 
~ 
=1 
~3 
54 
~5 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
7~ 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 


5INCLUDE(OEM096 
INC) 
$nolist 
Turn 
listing 
off 
for 
include 
file 


End 
of 
includ. 
fil. 


CHR: 
dsb 
I 
SPTEMP: 
dsb 
I 
TEMPO: 
dsb 
I 
TEMPI: 
dsb 
I 
RCV_FLAG: 
dsb 


208D 
B14911 


2090 
C42807 


2093 
BI202A 


2096 
814008 
2099 
FB 


209A 
27FE 


209C 
209C 
F2 
209D 
209D 
BOl129 
20AO 
90292A 
~ 
~OA3 
716029 
20A6 
D7F5 
:"r 
;?OA8 
~ 
20A8 
362A09 
!!. 
20AB 
C42807 
." 
~OAE 71BF2A 
0) 
0 
20BI 
BIFF2C 
~ 
~ 
U1 g> 
20B4 
20B4 
302C18 
a 
20B7 
352AI5 
'S. 
20BA 
B02807 
C! 
20BD 
71DF2A 


20CO 
717F28 
20C3 
990D28 
20C6 
D705 
20C8 
BIOA28 
20CB 
2002 


20CD 
20CD 
112C 


20CF 
20CF 
F3 
20DO 
FO 


20Dl 


ASSEMBLY 
COMPLETED. 


LDB 
EI 


loop: 
Bft 


seT _port_lnt 
PUsHF 
rd_agalO. 


LDIl 
OftB 
ANDB 
JrlE 


get_b~te. 


JOC 
sTO 
ANDO 
LDB 


put_b~te· 


JOC 
JOC 
LDB 
ANDB 


ANDB 
CMPB 
JNE 
LDB 
Bft 


cant i nue: 


POPF 
ftET 


sPTEMP. 
sPsTAT 
TEMPO. 
sPTEMP 
sPTEI1P••OlI00000B 
rd_.galn 


TEMPO. 
6. 
put_b~te 
sBUF. 
CHft 
TEMPO •• 
101111110 
RCV_FLAG. 
.OFFH 


RCV_FLAG. 
O. 
continue 
TEMPO, 
" 
cant1nue 
sBUF. 
CHR 
TEMPO •• 
110111110 


CHR •• 01111111B 
CHR ••ODH 
clr_rcv 
CHR •• OAH 
continue 


This 
Settlon 
of 
code 
can 
be 
replaced 
wIth 
"ORB 
TEI1PO. sP_sTAT" 
when 
the 
serial 
port 
TJ 
and 
RI 
bugs 
arr 
fi 
•• d 


If 
RI-te~p 
15 
not 
set 
Store 
b~te 
CLR 
RI-te.p 
Set 
bit-received 
fl~g 


If 
receive 
fl., 
is 
cleared 
If 
TI 
was 
not 
set 
Send 
b~te 
CLR 
TI-t •• p 


SOURCE 
FILE: 
F3:ATOD 
A96 
ODJECT 
FILE' 
·F3·ATOD.ODJ 
CONTROLS 
SPECIFIED 
IN 
INVOCATION 
COMMAND: 
NOSD 


LINE 
I 
2 
3 


=1 
4 


=1 
52 
53 
54 
55 
56 
57 
58 
'9 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 


0028 


0020 
OOIE 


0028 
0028 
• 
002A 
1» 
002C 
• 
002E 
0 
O'l 
C 
~ 
2080 
(') 
O'l 
0~< 
2080 
AIOOOl18 
CD 
2084 
0120 
~ 
CD.. 
2086 
55082002 


208A 
FD 
208B 
FD 
208C 
3B02FD 


20BF 
D0021C 


2092 
D0031D 


2095 
542020lE 


2099 
ACIEIE 


209C 
C31E281C 


20AO 
1720 


SINCLUDEIDEM096.INC) 
Snolist 
Turn 
listing 
off 
for 
include 
file 
End 
of 
include 
file 


RESULT _TABLE: 


RESULT 
I: 


RE5ULT_2: 
RE5ULT_3: 
RE5ULT_4: 


NOP 
NOP 
check: 
JBS 


ADDB 
LDDZE 
5T 


OL. 
BL. 
BL 
OX. 
OL 
AX. 
RE5ULT_TABLEIOXJ 


~ 
0• .. 
.,j 
M• 
•• 
r: 


•• 
Q 
Q 
Z 
'" 
Z 
4: 
•• 
lU 


ci 
~ 
0 
&;I~~C; "- 
en 


II:0 
'"'"lU 
0Z 


ci 
lU... 


0 
lU 
l\I 
.J 
M 
~ 
~ 
0- 
,... 
,... 
l'oI 
u 


l'oI 
'" 
,... 
> 
4: 
4: 
4: 
.J 
0 
0 
0 
•• 
N 
N 
l\I 
I: 
lU 
III 
III4: 


A.a. A to D Converter (Continued) 


6-77 


:r: 
eno» 
Zc» 
-Ioc 
c:» 
Z'" 
C." 
mm 
::DZ 
C 
z>< 
~aJ 
::D 
::Dc:."-I 
oo 
Z-I 
::Do 
r- 


SOURCE 
FILE. 
F3:A2DHSO. 
A96 
OBJECT 
FILE 
'F3:A2DHSO 
OBJ 
CONTROLS 
SPECIFIED 
IN 
INVOCATION 
COMMAND: 
NOSB 


LINE 
I 
2 
3 
4 
5 
6 
7 
8 
9 
10 


=1 
11 


=1 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 


0028 


OOIE 


0> 
0028 
~ 
0028 


CD 
002A 
002C 
002E 


0030 
0030 
0032 
0034 
0036 


0038 
003A 
003C 
003E 
0040 
\>044 
0046 
0048 
004A 


$INCLUDEIDEM096.INCI 
.nolist 
Turn 
listing 
off 
for 
include 
file 


End 
of 
includ. 
fit. 


PWM_TIME_I: 
DSW 
HSO_ON_O: 
DSW 
HSO_ON_I: 
DSW 
HSO_ON_2: 
DSW 


RESULT _TABLE: 


RESUL T_0: 
DSW 
RESUL T_I : 
DSW 
RESULT_2: 
DSW 
RESUL T_3: 
DSW 


NXT_ON_T: 
NXT_OFF _0: 
NXT_OFF _I: 
NXT_OFF _2: 
COUNT: 
AD_NUM: 
TMP: 
HSO_PER: 
LAST_LOAD: 


_. 


2000 
87 
cseg 
AT 
2000H 
I 
It 
88 
2000 
8020 
89 
DeW 
st~rt 
Timer_ov' -int 
2002 
1021 
90 
DCW 
Atod_done_int 
2004 
8020 
91 
DeW 
Iot.ilrt 
; 
HSI_d.ta 
int 


2006 
CC20 
92 
DCW 
HSO_P.lec 
iot 


93 
94 
.E.JECT 


95 


2080 
96 
cseg 
AT 
2080H 


97 
2080 
AIOOOl18 
98 
start: 
LD 
SP. 
.IOOH 
Set 
Stack 
Pointer 


2084 
OIIC 
99 
CLR 
AX 
2086 
051C 
100 
wal t: 
DEC 
AX 
wait 
appro •. 
0.2 
seconds 
for 
2088 
D7FC 
I 
101 
.JNE 
wait 
., 
SUE 
to 
finish 
communications 


102 


208A 
1144 
I 
103 
CLRB 
AD_NUll 
104 
208C 
AI800028 
105 
LD 
PWI1_TIME_I. 
.080H 


2090 
AI000148 
, 
106 
LD 
HSO_PER. 
.IOOH 
2094 
AI40002A 
107 
LD 
HSO_ON_O. 
.040H 
2098 
AI80002C 
108 
LD 
HSO_ON_I. 
.080H 
209C 
AICOO02E 
109 
LD 
HSO_ON_2. 
.OCOH 


110 


I I 


~ 
I 


20AO 
4500010A38 
III 
ADD 
NXT_ON_T. 
Timerl, 
.IOOH 
'1J 
0> 
112 
• 
~ 
I\) 
20A5 
BI3606 
113 
LOB 
HSO_COI1I1AND• •00110110B 
Set 
HSO 
for 
timerl. 
set 
pin 
0.1 
.•.. 
(0 
20A8 
A03804 
114 
LD 
HSO_TIME. 
NXT_ON_T 
with 
int~rrupt 
ClI 
; 
20AB 
FD 
.. 
115 
NOP 
20AC 
FD 
. 
116 
NOP 


20AD 
BI2206 
117 
LOB 
HSO_COI1I1AND. .00100010B 
; 
Set 
HSO 
for 
timerl. 
set 
pin 
2 
20BO 
643804 
118 
• 
ADD 
HSO_TII1E. 
NXT_ON_T 
; 
without 
interrupt 
119 
20B3 
91074A 
! 
120 
.. 
ORB 
LAST_LOAD 
•• 00000111B 
; 
L.st 
loaded 
value 
was 
set 
.11 
pins 
20B6 
DIOA08 
121 
. 
LOB 
INT I1ASK. .00001010B 
• 
En.ble 
HSO 
and 
AID 
interrupts 
20B9 
DIOA09 
122 
LOB 
INT:=PENDING • .00001010B 
• F.ke 
.n 
AID 
and 
HSO 
interrupt 
20BC 
FB 
123 
EI 
124 
20BD 
91010F 
, 


125 
loop: 
ORB 
Port 1, 
.OOOOOOOIB 
; 
set 
PI.O 


20CO 
65010040 
I' 
126 
ADD 
COUNT. 
.01 
20C4 
A40042 
r' 
127 
ADDe 
COUNT+2, 
z.ro 
20C7 
71FEOF 
128 
ANDB 
Portl. 
.1111 I1I0B 
• 
clear 
PI.O 


20CA 
27FI 
129 
BR 
loop 
130 
131 
.E.JECT 


270061-88 


132 
133 
134 
135 
136 


20CC 
137 
20CC 
F2 
138 
20CO 
91020F 
139 
140 
2000 
48380A46 
141 


2004 
880046 
142 


2007 
OEI9 
143 
144 
2009 
145 
2009 
644838 
146 
200C 
013606 
147 
200F 
A03804 
148 
20E2 
FO 
149 
20E3 
FO 
150 
20E4 
012206 
151 
20E7 
A03804 
152 
153 
20EA 
91074A 
154 
155 
20EO 
002817 
156 
(]) 
157 
00 
20FO 
2026 
158 
0 
159 
160 
20F2 
161 
20F2 
304A23 
162 
163 
20F5 
442A383A 
164 
20F9 
011006 
165 
20FC 
A03A04 
166 
167 
20FF 
FO 
168 
2100 
442C383C 
169 
2104 
011106 
170 
2107 
A03C04 
171 
172 
210A 
FO 
173 
21")B 442E383E 
174 


210F 
BII206 
175 
2112 
A03E04 
176 
177 
2115 
71F84A 
178 
179 
2118 
180 
2118 
71FOOF 
181 


HSO_e •• C_lnt 


PUSHF 
ORO 


SUB 
TMP.TIMERI. 
NXT_ON_T 
CMP 
TMP.ZERO 


JLT 
set_off 
tImes 


s.t_O"_t 
lineS' 
ADD 
LOO 
LO 
NOP 
NOP 
LOB 
LO 


NXT_ON_T. 
HSO_PER 
HSO_COMMANO •• 00110110B 
HSO_TIME. 
NXT_ON_T 


ADD 
NXT_OFF_O. 
NXT 
ON 
T. HSO_ON_O 
LOB 
HSO_COMMANO •• 00010000B 
Set HSO 
for 
timerl. 
clear 
pln 0 
LO 
HSO_TlME. 
NXT_OFF_O 


NOP 
ADD 
NXT_OFF_I. 
NXT_ON_T. 
HSO_ON 
1 
LOB 
HSO_COMMANO •• 00010001B 
Set 
HSO 
for 
timerl. 
clear 
pin 
I 
LO 
HSO_T1ME. 
NXT_OFF._I 


NOP 
ADD 
NXT_OFF_2. 
NXT_ON_T. 
HSO_ON_2 
LDB 
HSO_COMMAND •• 00010010B 
• Set HSO 
for 
tlmerl. 
clear 
pin 2 
LD 
HSO_TlME. 
NXT_OFF_2 


211D 
211D 
F2 


211E 
91040F 


2121 
51C0021C 
2125 
B0031D 
2128 
5444441E 
212C 
AC1EIE 
212F 
C31E30lC 


2133 
99401C 
2136 
DI07 
2138 
99FFlD 
213B 
DF02 
213D 
171D 


Ol 
OJ 
213F 
BOIDIC 


...•. 
2142 
I11D 
2144 
C31E281C 


2148 
1744 
214A 
710344 


214D 
55084402 


2151 
71FBOF 
2154 
F3 
2155 
FO 


2156 


ASSEMBLY 
COMPLETED. 


ATOD_done_,nt: 


PUSHF 
ORB 
Portl •• 000001000 


ANDB 
LDB 
ADDB 
LDBZE 
ST 


CMPB 
JNH 
CMPB 
..IE 
INCB 


no_rnd: 
LDB 
CLRB 
ST 


ANDB 
POPF 
RET 


AL. 
AD_RESULT_LO 
•• IIOOOOOOB 
Load 
low 
order 
result 
AH. 
AD_RESULT_HI 
Load 
h.gh 
order 
result 


DL. 
AD_NUM. 
AD_NUN 
DL; 
AD_NUM 
*2 


DX. 
DL 
AX. 
RESULT_TAOLECDXJ 
,Store 
result 
indexed 
b~ 
DX 


AL. 
.010000000 
no_rod 
; Round 
up 
if 
needed 
AH ••OFFH 
, Don·t 
increment 
if AH;OFFH 
no_"nd 
AH 


AL, 
AH 
j 
Align 
b~t •• 
nd 
change 
to 
word 
AH 
AX. 
ON_TIMECDXJ 


AD_COMMAND. 
AD_NUM •• 
IOOOB 
,Start 
conversion 
on 
channel 


; 
indicat.d 
b~ 
AD_NUN 
reg1ster 
Port!. 
.11111011B 
, Clear 
PI 
2 


SOURCE 
FilE. 
F3 SWPORT 
A9b 
ODJECT 
FilE. 
F3 SWPORT 
ODJ 
CONTROLS 
SPECIFIED 
IN INVOCATION 
COMMAND' 
NOSB 


LINE 
I 
2 
3 
4 
:I 
b 
7 
=1 
8 


=1 
:lb 
:17 
:18 
:19 
60 
61 
62 
63 
64 
6:1 
66 
67 
68 
69 
70 
71 
72 
73 
74 
7:1 
76 
77 
78 
79 
80 
81 
82 
83 
84 
8:1 
86 
87 


0000 


0000 
0001 
0001 
0002 
a> 
0004 
00 
0002 
I\) 
0003 
0004 


0006 


0008 


OOOA 


OOOC 


003:; 
001:; 
0018 


This 
module 
provides 
~ 
software 
lmplem.nt@d 
asynchronous 
serial 
port 
for 
the 
80~6 
HSO 
~ 
15 
used 
for 
transmit 
data 
HSI.2 
is 
used 
for 
receive 
data. 
Note: 
the 
choice 
of 
HSO. ~ 
and 
HSI 
2 
is 
arbltrar\J). 


$INClUDE(DEM096.INC) 
.nalist 
Turn 
listing 
off 
for 
include 
fIle 
End 
of 
include 
file 


rseg 


10s1 
s.ve: 
dsb 
I 
rev. 
.tat.: 
dsb 
I 
r.rd'J 
equ 
I 
".overrun 
e'lu 2 
Tip 
equ 
4 
rcve_ 
buf' 
dsb 
I 
reve_reg: 
dsb 
I 


sample_ 
time; 
ds •• I 


,eriAl 
-out: 
d ••• I 


baud -count: 
ds •• 


tld -tifne: 
do •• 


ch.r: 
d ob 


indicates 
receive 
done 
indicates 
receive 
overflow 
receive 
in 
progres5 
flag 
used 
to 
double 
buffer 
receive 
data 
used 
to 
deserializ. 
receive 
records 
last 
receive 
,•• ple 
time 


Holds 
the 
output 
character+framlng 
(start 
and 
stop 
bits) 
for 
transmit 
process. 


Holds 
the 
period 
of 
on. 
bit 
ln 
units 
of 
Tl 
ticks. 


Transition 
t1m. 
of 
last 
T.d 
bit 
that 
was 
sent 
to 
the 
CAM 
for 
test 
onllJ 


mark_com~and 
.qu 
space_command 
e~u 
sampl._co~and 
.qu 


OllOIOlb 
OOIOIOlb 
OOllOOOb 


timer" 
set, 
lnterrupt 
on 
~ 
timer" 
cJr. 
interrupt 
on 
5 
software 
tim.r 
0 


20S0 
FA 
20S1 
AIFOOOIS 
20S' 
C9COl2 
20SS 
EFOOOO 
20SB 
BI6COS 


20SE 
FB 


0000 
;ZOSF BIOOOC 
2092 
2092 
ACOCIC 


(l) 
209' 
CSIC 
cD 
2097 
EF3000 


W 
209A 
99000C 
2090 
0706 
209F 
OllC 
20M 
20AI 
071C 
20A3 
07FC 
20A' 


20A' 
170C 
20A7 
20A7 
EF4400 
20AA 
9800IC 
20AD 
OFE3 
20AF 
EF4COO 
20B01 BOICOC 
20B' 
270B 


reset 
lac. 


The 
8096 
starts 
executing 
here 
on 
reset. 
the 
program 
will 
lnitiaill. 
the 
the 
software 
serial 
port 
and 
run 
a 
simple 
test 
to 
eJc.reile 
it 


di 
Id 
push 
c.lI 
Idb 
.i 


sp ••OfOh 
.4S00 
setup_seria1-port 
int_m.sk ••OIIOIIOOb 


t.stl : 


A 
51.ple 
test 
of 
the 
serial 
port 
routines. 


While 
no 
characters 
ar. 
"eceived 
an 
incrementing 
pattern 
is 
sent 
to 
the 
.eriill 
output. 
When a character's 
received 
the 
incr.menting 
patt.ern 
~JumpsH 
to 
the 
chAracter 
"'Rceved 
and 
proceeds 
fro~ 
there. 


CR 
.'1u 
OOH 
Idb 
char 
.• CR 
t.5 t11oop: 


Idb ••• 
a ••char 
push 
u 
c.lI 
char -out 


cmpb 
ch.r ••CR 
bn. 
nopause 
clr 
•• 
pause: 


ine 
•• 
bn. 
pause 
00p.U5. 
; 


incb 
char 
t.st2: 


c.lI 
csts 


cOlpb 
.1.0 
b. 
t.5tlloop 
c.lI 
char 
in 
Idb 
thar.al 


br 
t.5 tlloop 


•• J.ct 


0000 


0000 


0000 
CC22 
0002 
CC20 
0004 
AI0700lE 
0008 
AI20AIIC 
OOOC 
8C20lC 
OOOF 
C0081C 
0012 
C00600 
001:'>816016 
0018 
3EI:>FO 


0018 
44140AOA 
OOIF 
813:'>06 
0022 
AOOA04 
002:> 1102 
0027 
1103 
0029 
1101 
0028 
EF4800 
002E 
E322 


0> 
00 
0030 
.j:>. 


0030 
CC22 
0032 CC20 
0034 
010121 
0037 
642020 
003A 
003A 
880006 
0030 
07FB 
003F 
C00620 
0042 
E322 


0044 


0044 
OI1C 
0046 
300102 
0049 
071C 
0048 
0048 
FO 


004C 


132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
14:'> 
146 
147 
148 
149 
1:10 
1:'>1 


1:'>2 
1:'>3 
1:14 
1:'>:1 
156 
157 
158 
1:'>9 
160 
161 
162 
163 
164 
165 
166 
167 
168 
169 
170 
171 
172 
173 
174 
17:'> 
176 
177 
178 
179 
180 


pop 
pop 
Id 
1d 


dlVU 
st 
st 
ldb 
bbs 


.odd 
ldb 
ld 
elrb 
elrb 
clrb 
e.oll 
br 


cle.r 
serial 
out 
En.obl. 
HSO 
:'> 
and 
Walt 
for 
room 
in 
and 
Issue 
a 
MARK 
tlld_time. 
timE'rl. 
20 
hso_comm.nd"m~r._comm.nd 
hso_time. 
tlld 
time 


rcve_buf 
; 
clear 
out 
the 
receive 
variables 
reve_reg 
reve_state 
intt_rece1ve 
(e,] 


e, 
b, 
d ,.tl0007h 
a,.tlOA120h 
••• 
b I 
ax. baud_count 
O. serial_out 
laC I.tlOI1OOOOOb 
io.0.6 •• 


the 
return 
address 


the 
baud 
rate 
(In 
deCimal) 
d.'ax 
=500.000 
(assumes 
12 
Mhz 
cr~stal) 


Trd 
th. 
HSO 
CAI'I 
cDlMland 


pop 
pop 
Idb 
.odd 
wa 1 t_for 
_Iml 
t: 


emp 
bn. 
st 
br 


ex 


bl 
(b 1+1). tlOlh 
b I, 
b. 


serial_out.O 
wa 1 t_for 
_,mi t 
bll 
serial_out 
[e,] 


the 
return 
address 


the 
character 
for 
output 
add 
the 
start 
and 
stop 
bits 


to 
the 
char 
and 
leave 
as 
16 
bIt 


~; 
walt 
for 
serial_out=O 
(it 
will 
be 
cleared 
b~ 
the 
hso 
Interrupt 
process) 
put 
the 
formatted 
character 
in 
serIal_out 
return 
to 
caller 


clr 
bbe 
inc 
csts_elit: r.t 


ax 
rcv._st~te, 
0, csts __elit 


ax 


004C 
300lFD 
004F 
F2 
00'0 
71FEOI 
0053 
AC021C 
0056 
F3 


0057 
FO 


0058 
0058 
F2 
0059 
64080A 
005C 
880006 
005F 
DFOD 
0061 
080106 
0064 
0008 
0066 
0066 
011'06 
0069 
AOOA04 
006C 
2006 
006E 
006E 
BI3506 
0071 
AOOA04 


0074 
0074 
F3 
0075 
FO 


0076 
BIOOl5 
0079 
BI2003 
007C 
007C 
901600 
007F 
37000B 
0082 
B0061C 
0085 
A0041C 


; 
wait 
foT 
character 
r•• d~ 
Tcve_stat.,O,ch.r_ln 
; 
set 
up 
a 
critical 
rl'gion 
rcv._stat.,.not(rxrd~) 
.1, rcve_buf 


c5eg 
pushf 
add 
emp 
b. 
shr 
be 
send_space: 


Idb 
Id 
br 
send_mark: 


Idb 
Id 


hiD 
iST_exit. 


popf 
r.t 


Idb 
Idb 
f IuSh_fi 
fo 
orb 
bbc 
Idb 
Id 


bbe 
pushf 
.ndb 
Idb 
•• 


popf 
,..t 


h so 
is r 


Fields 
the 
hID 
Interrupts 
and 
performs 
the 
serialization 
of 
the 
data 
Note' 
t~i5 
routine 
would 
be 
Incorporated 
into 
the 
hso 
service 
5tratl'g~ 
for 
an 
actual 
s~stem 


tld_time,baud_count 
serial 
cut,O 
if 


send_ •.•ark 
serial_out, 
•• 


send_mark 


hso_command 
•• space_command 
hID_time. 
tld_time 
hID 
iST'_.xit 


lnlt 
receive 
Called 
to 
prepare 
the 
serial 
Input 
process 
to 
find 
the 
leading 
edge 
of 


iii 
start 
bit 


iOII_save.1051 
iosl 
save, 7. flush._flfo_done 
a1. h5i_status 
aI, 
hSt_tlme 
. 
trash 
the 
flfo 
entry 


0088 
717FOO 
008B 
27EF 
0080 
0080 
BII015 
0090 
FO 


0091 
0091 
F2 
0092 
C81C 
0094 
B0061C 
0097 
A00404 
009A 
341CI5 
0090 
3FI5FO 
OOAO 
A0081C 
00A3 
0801lC 
00A6 
641C04 
00A9 
BI1806 
OOAC 
C00404 
OOAF 
BI0015 
0082 
0002 
CCIC 
00B4 
F3 
00B5 
FO 


00B6 
0006 
F2 
0007 
901600 


OOOA 
71FEOO 


0000 
51FCOl00 
OOCI 
070C 


andb 
los1 
save .• not<BOh) 
br 
flush 
flfo 
flush 
flfo 
done 
Idb 
locO ••OOOIOOOOb 
ret 


hSl 
Isr: 


Fields 
interrupts 
from 
the 
HSI 
unit. 
used 
to 
detect 
the 
leadIng 
edge 
of 
the 
START 
bit 


Nate: 
this 
routine 
would 
be 
incorporated 
into 
the 
HSI 
strategy 
of 
an 
actual 
svstlPm 


ese, 
pushf 
push 
ldb 
ld 
bbc 
bbs 
ld 
shr 
add 
Idb 
st 
ldb 
.Ilt_hsi 
pop 
popf 
ret 


ax 
a1. hsi 
status 
sample_tim.,hsi_time 
al. 4. ult_hsl 
losO.7.S 
a •• b.Jud_count 
ai, .1 
sample_tillle 
•• r 
hso_,om 
•• nd •• sample_command 
sample_ti 
•• ,hso_tlme 
locO ••OOOOOOOOb 


wait 
for 
room 
in 
HSO 
holdIng 
reg 
send 
out 
sa.ple 
command 
In 
1/2 


bit 
time 


software 
t1mer 
1ST 
FieldS 
the 
software 
tlmer 
Interrupt. 
used 
to 
deserlalll~ 
the 
Incommlng 
data 
Note 
thiS 
routIne 
would 
be 
IncorpoTdted 
into 
the 
software 
timer 
~tategy 
in 
an 
actual 
system 


e5eg 
pushf 
orb 
andb 
.indb 
bn •• 


iosl_save.los1 
iosl 
s~ve"not(Olh) 
O,rcve_state 
•• Ofch 
proc.ss_doilt. 


00C3 
00C3 
350604 
00C6 
2FAE 
00C8 
2032 
OOCA 
OOCA 
910401 
OOCO 
2021 


OOCF 
OOCF 
3FOIOE 
0002 
180103 
0005 
350603 


0008 
918003 


0008 
0008 
751001 
OOOE 
2010 


OOEO 
OOEO 
3506FO 
00E3 
800302 
00E6 
910101 
00E9 
710301 
OOEC 
2F88 
OOEE 
200C 


OOFO 
OOFO 
3FI5FO 
00F3 
811806 
OOF6 
640804 
00F9 
C00404 


OOFC 
OOFe 
F3 
OOFO 
FO 


281 
282 
283 
284 
285 
286 
287 
288 
289 
290 
291 
292 
293 
294 
295 
296 
297 
298 
299 
300 
301 
302 
303 
304 
305 
306 
307 
308 
309 
310 
311 
312 
313 
314 
315 
316 
317 


bbc 
call 
br 
5tar t_olr: 


orb 
br 


process_data: 


bbs 
shrb 
bbc 
orb 
datal.To: 


addb 
br 


check_otopbit: 


bbc 
ldb 
orb 
andb 
call 
br 


hli 
statUI, 5, start 
ok 
init_recei"e 
loftwar._ti~.r_~lit 


rcve_stat 
•• 7,check_stopbit 
I"c"e_"e,.11 
hsi_statu 
•• ',datalero 
I"cve_reg •• BOh 
let 
the 
new 
data 
bit 


hot_status.5.. 
DEBUG 
ONLY 
reve 
buf,rcve_reg 
rcve_5tat."rlrd~ 
rcve_state.'03h 
; 
Clear 
all 
but .read~ 
and 
overrun 
bIts 
tnit_receive 
software_timeT_elit 


Ie h.dule_samp 
Ie: 


bbs 
i050.7,. 
; w~it 
for 
holding 
Idb 
hso_command"sample_command 
add 
sample_time, 
baud_count 
st 
sample_tt 
••• hso_time 


software_tImer_exit: 


popf 
ret 


SOURCE 
FILE .. F3:MOTCON.A96 
aDJECT 
FILE· 
:F3:MOTcrnlOBJ 
CONTROLS 
SPECIFIED 
IN IINOCATION 
COMMAND 
NOSB 


LINE 


1 
2 
3 
4 
:I 
6 
7 


=1 
8 
=1 
:16 
:17 
:18 
:19 
60 
61 
62 
63 
64 
6:1 
66 
67 
be 
69 
70 
71 
72 
73 
74 
7:1 
76 
77 
78 
79 
80 
81 
82 
83 
84 
8:1 


OOIE 


003C 


0069 


OJ 
eX> 
006E 
(Xl 


OOFA 
OOFA 
OOFF 
OOFF 
0080 
04BO 
0064 
0010 


0024 


0024 
OO~8 


.INCLUDE<DEM096.INC) 
.noltst 
Turn 
listing 
off 
for 
lnclude 
file 
End 
of 
include 
file 


.wtl_dl~-,eriod 
equ 
swt2_dl~-p.riod .~u 
••• 
Jo ...•r 
equ 
••• 
brake 
equ 
m.r1Mum_hold 
equ 
br.ke-pnt 
equ 
positlon-pnt 
equ 
v.locit~-pnt 
_qu 


2:10 
2:10 
Offh 
Offh 
080H 
1200 
100 
16 


_. 


002C 
8b 
tmr2_old 
d.1 
1 
I It 
0030 
87 
position 
d.1 
1 
0034 
88 
des_pos 
d.1 
I 
0038 
89 
pos_err 
d.1 
003C 
90 
dpltaJ 
d.1 
0040 
91 
tlme 
d.1 
0044 
92 
dp. -time 
d.1 
0048 
93 
time_err 
dol 


94 
95 
SEJECT 


9b 
004C 
97 
last 
_t Imp .err 
d•••• 
004E 
98 
l.st_poli_err 
d•••• 
0050 
99 
pas_de 
1ta 
dsw 


0052 
100 
time_de 
1 ta 
d•••• 


0054 
101 
.' 
l.lst_pas 
d•••• 
005b 
102 
ldstl 
time 
d•••• 
0058 
103 
," 
1.st2_tllne 
d •••• 
005A 
104 
-, 
boost 
d•••• 


OOSC 
105 
tmp I 
d•••• 
005E 
lOb 
out_ptr 
d•••• 
OObO 
107 
offset. 
d•••• 
00b2 
108 
nit _pos. 
d•••• 
00b4 
109 
rpwT. 
d•••• 
• 
OObb 
110 
old_t2' 
ds", 
1 
0) 
I 


' , 
'V 
III 
I 
0:> 
00b8 
112 
direct 
d.b 
1 
l=forward. 
O=reverse 
I\) 
to 
00b9 
113 
pwm_d i r 
d.b 
1 
,. 
CD 
OObA 
114 
h.t_.O: 
d.b 
OObB 
115 
last_stat 
d.b 
OObC 
lib 
p,*,"'_pwr: 
d.b 
OObO 
117 
iasl 
bak: 
dsb 
OObE 
118 
TR_COL. 
, 
058 
1 
COLLECT 
TRACE 
IF TR_COL=OO 
OObF 
119 
"'.l"_dllJ: 
d.b 
120 
0070 
121 
•• 'Jwr: 
ds ••• 
0072 
122 
m •• _ br k: 
d•••• 
0074 
123 
mal 
hold: 
ds ••• 
007b 
124 
",.1_pnt: 
ds••• 
0078 
125 
brkJnt. 
ds••• 


007A 
12b 
pas_pnt. 
d•••• 
007C 
127 
HSOO_dl~: 
d•••• 


007E 
128 
swtl _dl~: 
d•••• 


0080 
129 
s••t2_d I~: 
do••• 
0082 
130 
",in_hsi: 
do••• 
0084 
131 
mtn_hit1: 
do••• 
008b 
132 
mal -hs 11: 
do••• 
133 
134 
0100 
135 
d•• g at 
100H 


270061-98 


_. 


136 
c[ 


0100 
137 
mode 
v.e", 
dsb 
0102 
138 
count -out 
dsw 
0104 
139 
err -vie", 
dsw 


140 
141 
142 
.eJect 
143 
144 
PIN. 
PORT 
FLAG 
USAGE 
145 
146 
22 
PI 
0 
modeO 
0 
mot.: •• 1 
I 
mod e~~ I 
or 
0 


147 
23 
PI 
I 
0 
0 
I 
I 


148 
24 
PI 
2 
software 
timer 
2 routine 
enter/leave 
149 
25 
PI 
3 
Main 
program 
toggle 
ISO 
26 
PI. 4 
HSI 
ov~rflow 
toggle 
151 
37 
PI 
5 
software 
timer 
0 
routIne 
enter/leave 
152 
38 
PI 
6 
hsi 
int 
enter/leave 
153 
39 
PI 
7 
software 
timer 
I routine 
enter/leave 
154 
40 
P2. 6 
Input 
direction 
(O=revl!'rsp', 
l=forward) 
155 
45 
P2. 7 
direction 
O=rev. 
I=fwd 
156 
2000 
157 
[5eg 
at 
2000H 
2000 
0022 
158 
dew 
timer 
ollf-Int 
2002 
1020 
159 
dew 
atod 
done 
,nt 
2004 
0424 
160 
dew 
hs, -data -Int 
~ 
en 
2006 
8022 
161 
dew 
hso .Iee 
int 
"0 
<h 
• 
2008 
1020 
162 
dew 
hsl_O_Int 
N 
0 
200A 
2022 
163 
dew 
50ft 
tmr 
int 
~ 
CD 
200C 
1020 
164 
dew 
ser _port_lot 
200E 
1020 
165 
dew 
elternal 
-int 
166 
2010 
167 
atod _don._ lnt: 


2010 
168 
h.t_O_ int: 


2010 
169 
seT'_port_jnt: 


2010 
170 
r.ternal 
jnt: 


171 
2080 
172 
[5eg 
at 
2080H 
173 
2080 
AIFOOOl8 
174 
lnt 
t" 
Id 
.p ••OFOH 
2084 
DIFFI7 
175 
Idb 
pwm_ control. .OFFH 
176 


2087 
1168 
177 
elrb 
d 1ree t 


2089 
AI70175C 
178 
Id 
tmpl ••6000 
; 
",ait 
about 
3 
seconds 
for 
motor 


2080 
055C 
179 
dela~: 
dee 
tmpl 
to 
come 
to a 
stop 
208F 
E068FO 
180 
dJnz 
direct •• 
; 
wait 
O. ~12 
milliseconds 
2092 
88005C 
181 
emp 
tmpl.lero 


2095 
D2F6 
182 
JQt 
dela~ 
183 


2097 
DIFFOF 
184 
Idb 
portl. .OFFH 
209A 
DIFFIO 
185 
Idb 
port2 ••0ffH 


270061-99 


20"0 
71FCOF 
20"3 
819903 
20"6 
01:)71:l 


20"9 
A00400 


20"C 
0140 
20AE 
0142 
2000 
0128 
2082 
012A 
2084 
0130 
2086 
0132 
2088 
01:l4 
208A 
0134 
208C 
0136 
200E 
0144 
20CO 
0146 
20C2 
AOOA:l6 
20C:l 490008:)658 
20CA 
1160 
20CC 
1109 
20CE 
A1F001:)E 
2002 
A13C0082 
2006 
A11E0084 
200A 
AI690086 
200E 
A16E007C 
20E2 
A1FA007E 
20E6 
AIFA0080 
20EA 
AIFF0070 
20EE 
A1FF0072 
20F2 
A1800074 


20F6 
AI000478 
20FA 
A164007A 
20FE 
AI100076 


2102 
AI002962 


2106 
o0006C 


2109 
010169 


210C 
012008 
210F 
013006 
2112 
447COA04 
2116 
FO 
2117 
FO 
2118 
813906 
2118 
447EOA04 


186 
187 
188 
189 
190 
191 
192 
193 
194 
195 
196 
197 
198 
199 
200 
201 
202 
203 
204 
205 
206 
207 
208 
209 
210 
211 
212 
213 
214 
21:) 
216 
217 
218 
219 
220 
221 
222 
223 
224 
22:l 
226 
227 
228 
229 
230 
231 
232 
233 
234 
235 


Id 
clr 
clr 
clr 
clr 
clr 
clr 
clr 
clr 
clr 
clr 
clr 
Id 
sub 
clrb 
clrb 
Id 
Id 
Id 
Id 
Id 
Id 
Id 
Id 
Id 
Id 
Id 
Id 
Id 
Id 
Idb 
Idb 


andb 
Idb 
Idb 


Portl •• llIII1008 
HSI_~od ••• 100ll0018 
IOCO ••OI0101118 


cl 
•••. 
PI.O.I 
(s~t 
mod. 
0) 
let 
hli 
1.3 
-j 
hll 
0.2 
+ 
Enabh 
all 
hSl 
T2 CLOCK-T2CLK. 
T2RST-T2RST 
CI •.•r 
tlmer2 


l@'ro.hsl 
tlmp. 


tlm~ 
t lme+2 
tlmer_2 
tlmer_.2+2 
pOlltion 
position+2 
la't __pos 
des_pos 
des_pos+2 
des_time 
des_tim.+2 
la.tl_tlm •• Tlm.rl 
last2 
tlm •• last! 
ti•••••800H 
iosl 
bak 


int_pendlng 
out_ptr •• IFOH 
min_hsi"mln_hsi 
t 


"'i"_hlll,I"'in_hltl 
t 
~a._hltl"mar_hstl_t 
HSOO_dl~ 
••HSOO_dl~_p.rlod 
swtl_dl~ •• swtl_dl~-p.rlod 
swt2_dl~ •• (swt2_dl~-p.riod) 
",•• -pwr,l",ax-power 
~.I_brk" 
•• I_br.ke 
",.x_hold.l",aximu",_hold 
brk-pnt •• brak.-pnt 
pos-pnt"position-pnt 
v.l-pnt •• v.locit~-pnt 
nxt_po5,lpol_table 
pW_Jwr, 
1.1'0 
pw ••_dir ••Olh 
FORWARO 


int_ •••sk ••001011018 
hso_command,.30H 
hso_ti ••••tlm.rl.HSOO_dl~ 


211F 
FO 


2120 
cO 
2121 
lJI3A06 


21;'4 44800A04 


~128 
AOOA40 


;'123 AOOC2C 
212E 
cD 


212F 
E7eE06 


2200 


2200 
2200 
F2 


2201 
901660 
0) 
2204 
356005 
<b 
2207 0742 
I\) 
2209 
7l0F60 
220C 
220C 
F3 
2200 
FO 


orb 
chk 
tl 
Jbc 
,nc 
andb 
tmr 
lnt_don~ 
popf 
ret 


243 
244 
245 
246 
247 
$~J~ct 


<'48 
~49 
250 
251 
252 
253 
254 
255 
256 
257 
258 
259 
260 
261 


105 
1_bak, 
1051 
los1_bale,~, 
tmr 
HIt_done 
tlm~·2 
losl_bak.tUI011111B 
,clear 
bit 
:J 
263 
264 
265 
266 
267 
268 
269 
. ", 
";;;; 
i.; 
",;;,;;; 
I;;';';;" 
"" 
I;" 
••••••• 
I';" 
i.; 
i;, 
••• 
, I •• , ••• ;.,. 


2220 


2220 
2220 
F2 


2221 
901660 


2224 
2224 
3')6003 
2227 
71FE60 


222A 
222A 
316006 
2220 
7lF060 


soft 
tmr_int 
pushf 
orb 


chic 
swtO: 


Jbc 
andb 
call 


c h Ie swt 1 . 


Jbc 
andb 


tosl_ball,O,chlc 
swtl 
losl_bak. .111111108 
swtO_~xplrf!'d 


2230 
EFC003 
2233 
2233 
326006 
2236 
71F860 


2239 
EF4401 
223C 
223C 
346003 
223F 
71F760 


2242 
2242 
F3 


2243 
FO 


2280 


2280 
(J)to 
2280 
F2 
tv 
2281 
813006 
2284 
447COA04 


2298 
91200F 
2280 
AOOC28 
228E 
390F18 


2291 
2291 
4866285C 
2295 
8902005C 
2299 
094C 
2298 
2298 
300F49 
229E 
71FCOF 
22AI 
815515 
22A4 
800068 
22A7 
203E 


22A9 
22A9 
482C283C 
22AO 
A0282C 


2280 
306808 


286 
287 
288 
289 
290 
291 
292 
293 
294 
295 
296 
297 
298 
299 
300 
301 
302 
303 
304 
305 
306 
307 
308 
309 
310 
311 
312 
313 
314 
315 
316 
317 
318 
319 
320 
321 
322 
323 
324 
325 
326 
327 
328 
329 
330 
331 
332 
333 
334 
335 


cal1 
ch k_swt2: 


Jbc 
andb 
cal1 
ch._swt3: 
Jbc 
andb 
call 


swt_int_done: 


popf 
ret 


iosl_bak,2,chk 
5wt3 
iosl_bak •• llII101IB 
; Clear 
bit 
2 
swt2_eJpired 


1051_bak.4. 
swt_int_done 


iosl_bak •• lllI011IB 
; Clear 
bit 
3 
swt3_expired 


portl ••001000008 
Timer _2. TIMER2 
Portl, 1, in_mode2 


PUSHF 
Idb 
add 


i"_mode 1: 


sub 
cmp 
Jh 
set_modeO: 


Jbc 
.ndb 
ldb 
ldb 
br 


in_mode2: 


sub 
ld 


tmpl.Timer_2.old_t2 
tmp l..2 
end_swtO 


Portl,O.end_swtO 
Portl •• lllII1008 
IOCO ••OIOI010I8 
last_stat,lero 
end_swtO 


if 
alread~ 
in mode 
0 


; Clear 
Pl. O. 
Pl. I (set 
mode 
01 
enab Ie all 
HSI 


2283 
643C30 
2286 
A40032 
2209 
2006 


2288 
683C30 
228E 
A80032 


22CI 
22Cl 
4866285C 
22C5 
8905005C 


22C9 
021C 


22CO 
22CB 
71FOOF 
22CE 
91010F 
2201 
010515 
2204 
A00400 
2207 
48840A56 


2200 
2208 
A00400 
220E 
717F60 
m 
22El 
901660 


d:> 
22E4 
3F60F4 
~ 
22E7 
22E7 
A02866 
22EA 
710FOF 
22EO 
F3 
22EE 
FO 


2380 
2380 
F2 
2381 
013A06 
2384 
44800A04 


2388 
91040F 


2388 
89FF075E 


238F 
0104 
2391 
AIFOOl5E 


336 
337 
338 
339 
340 
341 
342 
343 
344 
345 
346 
347 
348 
349 
350 
351 
352 
353 
354 
355 
356 
357 
358 
359 
360 
361 
362 
363 
364 
365 
366 
367 
368 
369 
370 
371 
372 
373 
374 
375 
376 
377 
378 
379 
380 
381 
382 
383 
384 
385 


,n_fwd .• dd 
addc 
br 


ch k_mod.: 


sub 
cmp 
at 


~.t_mod.l 
andb 
orb 
Idb 
Id 
sub 


Id 
andb 
orb 
Jb s 


~nd 
swtO 
Id 
andb 
POPF 
ret 


pas Ulan. 
delta_p 
po.ition+2, 
J.ro 
ctlll_mod. 


tmpl.Tlmer_2.old_t2 
tmpl ••5 
end_s ••tO 


Check 
count 
diff.rence 
in 
tmpl 
set 
mod.t 
if 
count 
15 
too 
low 


count 
<= ~ 


Portl •• IIIIIIOIO 
Clear 
PI. I. set PI 
0 
(set mode 
I) 
Portl ••OOOOOOOIO 
IOCO ••OOOOOIOIO 
enable 
HSI 
0 and 
I 
uro. 
HSI_TIME 
lastl 
time.Tlmer!.mln 
hSll 


- 
; 
set 
up 
50 
(time-l~st2_tlme»min_h511 
on 
next 
HSI 


ZERO. 
HSI_TIME 


,osl_bak .•011111110 
i051_bak.10s1 
ios! 
bak.7.clr_hsl 


.wt2_e.pired: 


pushf 
Idb 
add 


portl ••OOOOOIOOO 
set 
port 
1.2 
out.Jltr••7ffH 
pulsing 
out.Jltr•• 1f0H 


386 
239~ 
387 
239~ 
306EOC 
388 
389 
2398 
C25F32 
390 
2398 
C25F30 
391 
392 
239E 
C2~F68 
393 
23A1 
C2~F6C 
394 
395 
396 
397 
23A4 
398 
23A4 
48~60A5C 
399 
23A8 
890018~C 
400 
23AC 
0104 
401 
402 
23AE 
6~0010~6 
403 
2302 
404 
2302 
71FOOF 
405 
2305 
F3 
406 
2386 
FO 
407 
408 
409 
(j) 
410 
cD 
411 


U'1 
412 
413 
414 
415 
416 
2400 
417 
2400 
20CE 
418 
2402 
20C7 
419 
420 
2404 
F2 
421 
240~ 
91400F 
422 
2408 
717FbO 
423 
;!40B 
901660 
424 
240E 
37bOFI 
42~ 
426 
2411 
427 
2411 
AOOC28 
428 


2414 
5155066A 
429 
2418 
A00440 
430 
431 
2418 
380FE2 
432 
433 
241E 
434 
241E 
38bAOO 
435 


$wt2_don.: 


sub 


ClOp 
Jnh 


add 
Iwt2_ret: 


andb 
popf 
ret 


tmpl. 
timeorl. 
lastt_timeo 
tmp I..1800H 
swt2_ret 
.eep 
(Tlmerl-last1_time/<2000H 


CSEG 
AT 2400H 
no",_modeo_l: 
br 
no 
Inti. 
br 


hsl_data 
,nt: 


orb 
andb 
orb 
Jbc 


g •. t_v.lu.s: 


Id 
andb 
Id 


pushf 
portl ••010000008 
ias I_ba•••0 II111110 
iosl_b ••• iosl 
iost_bak.7,no 
inti 


timer _2. TIMER2 
hsi 
sO.HSI 
STATUS ••010101018 
tim•• HSI_TIME 


2421 
3A6A2C 
436 
Jbs 
hst-sO.2 ••_f.11 
2424 
3C6A40 
437 
Jbs 
hst-50,4. 
b_" lse 
2427 
3E6A5A 
438 
Jbs 
hit -sO.6.b -f.11 
242A 2094 
439 
br 
no_cot 


440 


242C 
A05658 
441 
ii_rise' 
Id 
l.st2_tlme.l.stl 
-time 
242F 
A04056 
442 
Id 
hstl 
time. 
time 
2432 
685840 
443 
sub 
time.last2_time 
2435 
888240 
444 
cmp 
ttm@, 
min_h~l 


2438 
0906 
445 
Jh 
tst_statr 
446 
;set 
IRodel- 


243A 
91010F 
447 
orb 
Portl ••OOOOOOOIO 
Set 
PI.O 
(In mode 
II 
2430 
010515 
448 
1db 
10CO ••00000IOIB 
En.b1e 
HS1 
0 .nd 
1 


2440 
449 
tst_stiltr: 


2440 
3E6050 
450 
Jbs 
l.st_stat.6.going_fwd 
2443 
3C6067 
451 
Jbs 
last_stat. 
4. going_rev 


2446 
3A6050 
452 
Jb5 
last_stat. 
2. change_dir 
2449 
980060 
453 
cmpb 
li1st_stat.lero 
244C 
OF46 
454 
Je 
'IT'st_tlme 
; 
first 
tim~ 
in 
modeO 
244E 
2702 
455 
br 
no-inti 
456 
2450 
A05658 
457 
._f.ll. 
Id 
last2_time, 
last! 
time 
2453 
A04056 
458 
Id 
lastl 
time, 
time 
2456 
685840 
459 
sub 
timlt.last2_tlme 


0> 
I 


2459 
888240 
460 
cmp 
time.min_hsi 
W 
245C 
0906 
461 
Jh 
tst_statf 


0> 
462 
; set 
model- 


245E 
91010F 
463 
orb 
Portl ••OOOOOOOIO 
Set 
PI 
0 
(In 
mode 
II 
2461 
BI0515 
464 
Idb 
10CO ••00000IOIO 
Enable 
HSI 
0 
and 
I 
465 
.EJECT 
2464 
466 
tst-statf 
2464 
3C6037 
467 
Jbs 
last_stat,4.go1ny_ 
fwd 
2467 
3E6043 
468 
Jbs 
last 
_stat.b, 
gOing_rev 
246A 
38602C 
469 
Jbs 
last 
_stat. 
O. change._d 
IT' 


2460 
980060 
470 
cmpb 
last 
stat. 
,ero 
2470 
OF22 
471 
Je 
first_time 
; 
first 
time 
In 
modeO 
2472 
2057 
472 
br 
no-tnt 
473 
2474 
386027 
474 
b-T151P 
Jb5 
last 
_st.-t. 
O. '1Oln'1._ fwd 


2477 
3A6033 
475 
Jb5 
last_stat.2,golng_"ev 


247A 
3E60lC 
476 
Jb s 
last_stat. 
b. change_dlr 


2470 
980060 
477 
cmpb 
last 
stat, 
zero 


2480 
OFI2 
478 
Je 
first_time 
first 
time 
in 
,"odeD 
2482 
2047 
479 
br 
no-Int 
480 
2484 
3A6BI? 
481 
b-fall: 
Jb5 
last_stat,2,going_fwd 


2487 
386023 
482 
Jbs 
last_stat.O,going_rev 
248A 
3C600C 
483 
Jbs 
last_stat.4,change_dir 
248D 
980060 
484 
cmpb 
last 
stat. 
zero 
2490 
OF02 
485 
Je 
flrst_timtt 
; 
first 
time 
in 
modeoO 
270061-A5 


486 
487 
488 
489 
490 
491 
492 
493 
494 
495 
496 
497 
498 
499 
500 
501 
502 
503 
504 
50:; 
506 
507 
508 
509 
510 
511 
512 
513 
514 
515 
516 
517 
518 
519 
520 
~21 
522 
.EJECT 
523 


2494 
2494 
C46B6A 
24C?7 
2072 


f lrst_tl",e 
~tb 
br 


2499 
2499 
1268 
249B 
30680F 


ch.ng __dir: 


notb 
no 
lnc: 
Jbc 


249E 
249E 
914010 
24AI 
BI0168 
24A4 
65010030 
24A8 
A40032 
24AB 
2000 
24AO 
24AO 
71BFI0 
24BO 
BI0068 
24B3 
69010030 
24B7 
AB0032 


gOIng_fOld: 


orb 
ldb 
.dd 
.ddc 
br 
gOing_rev: 


andb 
Idb 
~ub 
subc 


24BA 
24BA 
C4606A 
2400 
2400 
A0282C 
24CO 
717F60 
24C3 
901660 
24C6 
376002 
24C9 
2746 


~tb 
lo.d 
I•• ts· 


Id 
no_cot 
.• 
ndb 
orb 
Jbc 
.gain 
br 


24CB 
71BFOF 
24CE 
F3 
24CF 
FO 


no 
lnt: 
andb 
popf 
ret 


2400 
51506A5C 
2404 
07EA 


2406 


andb 
Jne 


cmp_tlme. 


PORT2 ••01000000B 
dlrect 
•• Ol 
position 
•• Ol 
posttion+2. 
zero 
st_stat 


PORT2 •• 101111110 
direct 
•• OO 
position 
.• Ol 
position+2. 
zero 


t~r2_Qld. timer_2 
losl_b.k ••OllllllIB 
jost_bale.l051 
1os1 
bak.7.no 
int 
get_values 


24E3 
0914 


24E5 
24E5 
91020F 
24E8 
010015 
24EO 
A00400 
24EE 
717FbO 
24FI 
90lbbO 
24F4 
3FbDF4 
24F7 
2012 


24F9 
24F9 
4858405C 
24FO 
888b5e 


2500 
0109 


2502 
2502 
71FeOF 
2505 
015515 
2508 
OOOObO 


2500 
2500 
482e283C 
a> 
250F 
30b808 
cO 
2512 
Q) 
2512 
b43C30 
2515 
A40032 
2518 
27A3 
251A 
251A 
b83C30 
2510 
A80032 
2520 
2798 


2600 


2bOO 


2bOO 
F2 
2601 
91800F 


2604 
810008 


2607 
81390b 
260A 
447EOA04 


.tpt_tftodtp_2. 


orb 
Idb 


'"t_h~i: 
Id 
andb 
orb 
Jb~ 
br 


chec"_m.l_tillle: 


~ub 
ClOp 


Portl ••000000108 
IOCO ••000000008 
,ero,hsi_tim@ 
io~l_bak ••OIIIIIIIB 
tosl_bale, 
i051 
i051_batc,7,mt_hsi 
done_chic 


•• 
t_mode_O: 


.ndb 
Idb 
Idb 


done_chI!:: 


~ub 
Jbc 


~ub 
lube 
br 


Portl •• IIIIIIOOB 
10eO ••0101010IB 
last_stat, 
,ero 


posttion,dett.JI 
position+2.I.ro 
load 
lasts 


po~ition. 
ddtaJ 
p051tion+2,lero 
10ad_last~ 


s.t 
PI 
1 
(in 
,"od. 21 


Oisabl. 
all 
HSI 
e,"pt~ the 
hsi 
,.fo 


; 
clear 
bit 
7 


260E 
A0464A 
2611 
A0363A 
2614 
48404448 
2618 
A8424A 
2610 
48303438 
261F 
A8323A 


2631 
2631 
88003A 
2634 
0600 


2636 
2636 0338 
2638 
BI0069 
2638 
89FFFF3A 
263F 
070A 
2641 
2000 


2643 
2643 
BI0169 


2646 
88003A 
2649 
OF05 


2650 
2650 
887A38 
2653 
OllE 
2655 
887838 


Id 
Id 
oub 
subc 
oub 
subc 


go_backward: 


n.g 
Idb 


ClOp 
In. 
br 


go_forward. 


Idb 


ClOP 
J. 


tlm._wrr+2. 
des_tlme+2 
Calcul.te 
time 
& 
position 
error 
pos_err+2.des-pos+2 
time 
err. 
dtts 
tlmlh 
time 
j 
values 
are 
set 
tlme_err+2. 
time+2 
pos_ttrr,des_po5.positlon 
pos_err+2,posttion+2 


Time_err 
& 
Desired 
time 
to 
finish 
- 
current 
time 
Pas_err 
= 
Desired 
position 
to 
finish 
- 
current 
posltlon 
Pos 
delta 
Last 
positlon 
error 
- 
Curent 
POSition 
error 
Time 
delt. 
= Last 
time 
error 
- 
Current 
time 
error 


note 
that 
errors 
should 
get 
smaller 
so 
deltas 
WIll 
be 
positive 
for 
forward 
motion 
(time 
is 
alwa~5 
forward) 


pas_err 
Pas_err 
p",,"_dlr 
•• OOh 
pos_err+2 
•• 0ffffH 
Id_m •• 
chk_brk 


p"',"_dir 
•• 01H 
p05 __ r,,+2, zero 


chk_brk 


pas_err. 
pos_pot 
hold,JJ0sltion 
p05_err,brk_pnt 


265A 
265A 
880050 


2650 0602 
265F 0350 
2661 
2661 887650 
2664 
0100 


2666 00726C 
2669 006824 
266C 
1224 
266E 002469 


2673 
2673 89020038 
2677 
0906 
2679 0126 
2670 015A 
2670 20lF 


267F 
267F 
50FF7424 
2683 6C3824 
2686 880050 
2689 0709 
2680 650400~A 
268F 645A26 
2692 2002 
2694 015A 
2696 887426 
2699 0103 
2690 A07426 
269E 00266C 


26A3 
26A3 
006C64 
26A6 
1264 
26A8 
38690A 


634 
635 
636 
637 
638 
639 
640 
641 
642 
643 
644 
645 
646 
647 
648 
649 
650 
651 
652 
6~3 
654 
655 
656 
657 
658 
659 
660 
661 
662 
663 
664 
665 
666 
667 
668 
669 
670 
671 
672 
673 
674 
675 
676 
677 
678 
679 
680 
681 
682 
683 


cmp 
He 
neg 


chk_d ••lt.: 


cmp 
Jnh 


br.... 
Idb 
Idb 
notb 
Idb 


Hold_position. 


cmp 
Jh 
clr 
clr 
DR 


c.lc_out: 


mulub 
mulu 
cmp 
Jne 
.dd 
.dd 
br 
no_bst: 
clr 
c k_m~l 
cmp 
Jnh 
ma.ed 
Id 
output 
Idb 


Idb 
notb 
Jbs 


pas_del 
ta. 
zero 
ch._d ••lta 
pas_del 
ta 


pw",_pwr. 
mal_brk 
tmp.dlr ••ct 
tmp 
pwm_dlr. 
tmp 


pos_err 
.• 02 
calc 
out 
tmp+2 
boost 
output 


tmp.m.'_hold 
••2~5 
tmp.pos_err 
pas_de 
1ta, 
zero 
no 
bst 
boost ••04 
tmp+2.boost 
ck 
mal 
boost 
tmp+2.max_hold 
output 
tmp"'2.max_hold 
pwm_pwr. 
tmp"'2 


rpwr,pwm_pwr 
rpwr 
pwm_dlr,O.p2fwd 


26AB 
FA 
26AC 
717FI0 
26AF 
006417 
2602 
FB 
2603 
2008 
260:5 FA 
2606 
918010 
2609 
006417 


26BC 
FO 


2600 
2600 
88004A 


26CO 
022:5 


26C2 
89202962 
26C6 
oE06 
26C8 
AI002962 
26CC 
0142 
26CE 


26CE 
A26334 
2601 
A26336 
2604 
A26346 
q> 
2607 
A26370 
~ 
260A 
A07072 
0 
2600 
646034 
26EO 
A40036 
26E3 
4830344E 


26E7 
717FOF 


26EA 
F3 
26EO 
FO 


2800 
2800 
901660 
2803 
366009 
2806 
710F6o 
2809 
95100F 
280C 
EFF5FB 


684 
68:5 
686 
687 
688 
689 
690 
691 
692 
693 
694 
69:5 
696 
697 
698 
699 
700 
701 
702 
703 
704 
70:5 
706 
707 
708 
709 
710 
711 
712 
713 
714 
715 
716 
717 
718 
719 
720 
721 
722 
723 
724 
725 
726 
727 
728 
729 
730 
731 
732 
733 


p2b.",d 
01 
.ndb 
Idb 
EI 
br 


p2f"'d 
01 
orb 
Idb 
EI 


cmp 
Jlt 
ld 
clr 
9·t_v.l~: 


ld 
ld 
ld 
ld 
ld 


-.dd 
.ddc 
sub 


tim._err+2. 
zero 
. do 
pos_t~bl. 
wh.n 
err 
is n@g.tiv. 


.ndJl 
end...JI 


nxt_pos 
•• (32+pos_table) 
g.t_v.ls 
nxt...JI05,.pos_table 
time+2 


deSJ05. 
[nJ tJos]+ 
d.s-P05+2. 
[nxt-PDs]+ 
des_time+2. 
[nxt-pos]+ 
ma._p~r. 
(nlt...JI0s]+ 
m•• 
_brk. 
fII.xJwr 
desJo5.offset 
desJo5+2. 
zero 
last...JI05_err.desJos,positlon 


MAIN_PROG. 


orb 
Jb c 
andb 
lorb 
c.ll 


lost_bale, 
iosl 
iosl_bak,6,control 
iosl_b ••.• IOIIIIIIB 
Portl ••OOOIOOOOB 
HSI_oATA 
INT 


cl •• r 
i051_b~k 
6 
Compl 
Bit 
Pl. 4 
prevent 
lockup 


_. 


280F 
734 
control. 
I Icl 
280F 
912D08 
73' 
orb 
int_mask ••00101101B 
, 
_nable 
hsi, 
hso, 
swt, 
tovf 
interrupts 
2812 
FD 
73b 
nop 
2813 
FD 
737 
nop 
2814 
FD 
738 
nop 


281' 
EObFFD 
739 
dJnl 
main_dly.S 
2818 
FD 
740 
nop 
2819 
95080F 
741 
xorb 
portl,.00001000B 
, 
eomp liment 
pI. 3 
281C 
27E2 
742 
BR 
I'lAI 
N_PROG 
743 
744 
2900 
74' 
CSEQ 
AT 
2900H 


74b 


2900 
747 
pos_table: 


748 
2900 
00000000 
749 
del 
OOOOOOOOH 
I 
position 
0 
2904 
20008000 
750 
dew 
0020H, 
0080H 
I 
next 
tim., 
pow.r 
2908 
OOCOOOOO 
751 
del 
OOOOeOOOH 
I 
position 
1 
290C 
40004000 
7'2 
dew 
0040H, 
0040H 
I 
n.xt 
tim., 
power 
2910 
00000000 
7'3 
del 
OOOOOOOOH 
I 
position 
2 
2914 
bOOOCOOO 
754 
dew 
OObOH. 
OOeOH 
I 
next 
time. 
pOlder 
2918 
0080FFFF 
7" 
del 
OFFFF8000H 
I 
position 
3 
291C 
80008000 
7'b 
dew 
0080H. 
0080H 
I 
next 
time. 
power 
757 


I I 
,. 
q> 


I 


2920 
00080000 
7'8 
del 
00000800H 
I 
position 
4 
"V 
2924 
58008000 
759 
dew 
0058H. 
0080H 
next 
time. 
I 
~ 
I 
power 
I'\) 
0 
2928 
00300000 
7bO 
del 
00003000H 
I 
position' 
•• 
I\) 
292C 
7000FFOO 
7b1 
dew 
0070H, 
OOffH 
I 
nelt 
time. 
power 
C» 
2930 
00000000 
7b2 
del 
OOOOOOOOH 
I 
position 
b 
2934 
9000FOOO 
7b3 
dew 
0090H, 
OOfOH 
I 
next 
tim., 
power 
2938 
00000000 
7b4 
del 
OOOOOOOOH 
I 
position 
7 
293C 
9100FOOO 
7b' 
. 
de ••• 
0091H. 
OOfOH 
I 
next 
time. 
power 
7bb 
7b7 
2940 
7b8 
END 


ASSEMBLY 
COMPLETED, 
NO 
ERROR(S) 
FOUND. 
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APPLICATION 
NOTE 


An FFT Algorithm For MCS®-96 
Products Including Supporting 


Routines and Examples 


IRA HORDEN 
ECO APPLICATIONS 
ENGINEER 


Intel's 8096 is a 16-bit microcontroller with processing 
power sufficient to perform many tasks which were pre- 
viously done by microprocessors or special building 
block computers. A new field of applications is opened 
by having this much power available on a single chip 
controller. 


The 8096 can be used to increase the performance of 
existing designs based on 805Is or similar 8-bit control- 
lers. 
In addition, it can be used for Digital Signal 
Processing (DSP) applications, as well as matrix ma- 
nipulations and other processing oriented tasks. One of 
the tasks that can be performed is the calculation of a 
Fast Fourier Transform (FFT). The algorithm used is 
similar to that in many DSP and matrix manipulation 
applications, so while it is directly applicable to a spe- 
cific set of applications, it is indirectly applicable to 
many more. 


FFTs are most often used in determining what frequen- 
cies are present in an analog signal. By providing a tool 
to identify specific waveforms by their frequency com- 
ponents, FFTs can be used to compare signals to one 
another or to set patterns. This type of procedure is 
used in speech detection and engine knock sensors. 
FFTs also have uses in vision systems where they iden- 
tify objects by comparing their outlines, and in radar 
units to detect the dopier shift created by moving ob- 
jects. 


This application note discusses how FFTs can be calcu- 
lated using Intel's MCS@-96 microcontrollers. 
A re- 


view offourier analysis is presented, along with the spe- 
cific code required for a 64 point real FFT. Throughout 
this application note, it is assumed that the reader has a 
working knowledge of the 8096. For those without this 
background the following two publications will be help- 
ful: 


1986 Microcontroller Handbook 
Using the 8096, AP-248 


These books are listed in the bibliography, along with 
other good sources of information 
on the MCS-96 


product family and on Fast Fourier Transforms. 


This application note contains program modules which 
are combined to create a program which performs an 
FFT on an analog signal sampled by the on-board 
ADC (Analog to Digital Converter) of the 8097. The 
results of the FFT are then provided over the serial 


.•.•.•..•. 
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suitS. In the applications listed in the previous section, 
the data from this FFT program would be used directly 
by another program instead of being plotted. However, 
the plotted results are used here to provide an example 
of what the FFT does. There are four program modules 
discussed in this application note: 
FFTRUN - Runs a 64 point FFT on its data buffer. It 


produces 32 14-bit complex output values 
and 32 14-bit output magnitudes. A fast 
square root routine and log conversion rou- 
tine are included. 


A2DCON - Fills one of two buffers with analog values 


at a set sample rate. The sample time can 
be 
as 
fast 
as 
50 microseconds 
using 


8x9xBH components. 


PLOTSP - Plots the contents of a buffer to a serially 


connected printer. 
Routines are provided 


for console out and hexadecimal to decimal 
conversion and printing. 


FTMAIN - The main module which controls the other 


modules. 


Each of the modules will be described separately. In 
order to better understand how the programs work to- 
gether, a brief tutorial on FFTs will be presented first, 
followed by descriptions of the programs in the order 
listed above. 


The final program uses 64 real data points, taken from 
either a table or analog input 1. Each of the data points 
is a 16-bit signed number. The processing takes 12.5 
milliseconds when internal RAM is used as the data 
space. If external RAM is used, 14 milliseconds are 
required. Larger FFTs can be performed by slightly 
modifying the programs. A 256-point FFT would take 
approximately 65 milliseconds, and a 1024-point ver- 
sion would require about 300 milliseconds. 


In the program presented, the analog sampling time is 
set for 1 sample every 100 microseconds, providing the 
64 samples in 6.4 milliseconds. The sampling time can 
be reduced to around 60 microseconds per point by 
changing a variable, and less than 50 microseconds by 
using the 8x9xBH series of parts, since they have a 22 
microsecond A to D conversion time. 


The programs are set up to be run in a sequence instead 
of concurrently. 
This provides the fastest operation 


if the sampling speed were reduced to the minimum 
possible. For the fastest operation above about 80 mi- 
croseconds a sample, the programs could be run con- 
currently, but this would require some minor modifica- 
tions of the program. Figure 1 shows the timing of the 
program as presented. 
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These programs have run in the Intel Microcontroller 
Operation Application's Lab and produced the results 
presented in this application note. Since the programs 
have not undergone any further 
testing, we cannot 


guarantee them to be bug proof. We, therefore, recom- 
mend that they be thoroughly tested before being used 
for other than demonstration purposes. 


A Fourier Transform is a useful analytical tool that is 
frequently ignored due to its mathematically oriented 
derivations. This is unfortunate, 
since Fourier trans- 


forms can be used without fully understanding 
the 


mathematics 
behind them. Of course, if one under- 


stands the theory behind these transforms, they become 
much more powerful. 


The majority of this application note deals with how a 
Fast Fourier Transform (FFT) can be used for spec- 
trum analysis. This procedure takes an input signal and 
separates it into its frequency components. One can al- 
most treat the FFT as a black box, which has as its 
output, the frequency components and magnitudes of 
the input signal, much like a spectrum analyzer. 


From a mathematical standpoint, Fourier Transforms 
change information in the time domain into the fre- 
quency domain. The theory behind the Fourier trans- 
form stems from Fourier analysis, also called frequency 
analysis. 


There are many books on the topic of Fourier analysis, 
several of which are listed in the bibliography. In this 
application note, only the pertinent formulas and uses 
will be presented, not their derivations. 


The main idea in Fourier analysis is that a function can 
be expressed as a summation of sinusoidal functions of 
different frequencies, phase angles, and magnitudes. 
Tqis idea is represented by the Fourier Integral: 


H(f) =J:00 h(t) e -j21Tft dt 


Where: H(f) is a function of frequency 


h(t) is a function of time 


e-j8 
= cos e - j SINe 
(2) 


H(f) =J:00 h(t) (cos (21Tft) - 
j sin (21Tft)) dt 
(3) 


Figure 2 shows a rectangular 
pulse and its Fourier 


transform. Note that the results in the frequency do- 
main are continuous rather than discrete. The horizon- 
tal axis in Figure 2a is frequency, while that of Figure 
2b is time. 


In a simplified case, the varying phase angles can be 
removed, and the integral changed to a summation, 
known as a Fourier Series. All periodic functions can 
be described in this way. This series, as shown below, 
can help provide a more graphical understanding 
of 


Fourier analysis. 


00 


(t) = ao + '" 
[an cos (21Tnfot) + 


y 
2 
£.J 
bn sin (21Tnfot)) 


n = 1 
for n = 1 to 
ex> 


1 
Where fo = -, 
the fundamental 
frequency. 


To 


inter 


sin (27TTof) 


H(f) = 
27TTof 


a. 


Figure 2. Rectangular 
Pulse and Its Fourier Transform 


This formula 
can also be represented 
in complex 
form 


as: 
eoL 
an 
e j21Tnfot 


n=-oo 
The Fourier 
series for a square 
wave is 


eo 


" 
sin ((2k + 1) 27Tfot) 
(6) 
L 
(2k + 1) 


K=O 
If these 
sinusoids 
are summed, 
a square 
wave 
will be 


formed. 
Figure 
3 shows the graphical 
summation 
of the 


first 3 terms 
of the series. Since the higher 
frequencies 


contribute 
to the 
squareness 
of the 
waveform 
at the 


corners, 
it is reasonable 
to compare 
only the flatness 
of 


the top of the waveform. 
The sharpness 
or risetime 
of 


the 
waveform 
can 
be determined 
by the 
highest 
fre- 


quency 
term being summed. 
With 
rise and fall times of 


10% of the period, 
the waveform 
generated 
by the first 


3 terms 
is within 
20% 
of ideal. At 7 terms 
it is within 


10%, 
and 
at 20 terms 
it is within 
5%. 
With 
a 5% 


risetime, 
it is within 
20% 
of ideal after 
5 terms, 
10% 


after 
13 terms 
and 5% after 
32 terms. 
Figure 
4 shows 


the resultant 
waveforms 
after 
the summation 
of 7, 15 


and 30 terms. 


Fourier 
analysis 
can be used on equation 
4 to find the 


coefficients 
an and bn. To make 
this process 
easier 
to 


use with 
a computer, 
a discrete 
form, 
rather 
than 
a 


continuous 
one, 
must 
be used. 
The 
discrete 
Fourier 


transform, 
shown 
in Equation 
7, is a good approxima- 


tion to the continuous 
version. 
The closeness 
of the ap- 


proximation 
depends 
on several 
conditions 
which 
will 


be discussed 
later. The input to this transform 
is a set of 


N equally 
spaced 
samples 
of a waveform 
taken 
over a 


period 
of NT. The period 
NT is frequently 
referred 
to 


as the "Sampling 
Window". 
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H l~~)= ~ 
h(kT)e-i21Tnk/N 


k=O 


n=0,1, 
... ,N-1 


Where: H(t) is a function of frequency 


h(t) is a function of time 
T is the time span between samples 
N is the number of samples in the window 


n =0,1,2 ... N-I 


This transform is used for many applications, including 
Fourier Harmonic Analysis. This procedure uses the 
transform to calculate the coefficients used in Equation 
5. In order to do this, the factor TINT must be added 
to the transform as follows: 


N-1 


H (~) 
= ~ 
'" 
h(kT) e-j21TnklN 
NT 
(NT) L.J 


k=O 


n =0, 1, 2, 3, ... , N-1 
(8) 


The factor provides compensation for the number of 
samples taken. Note that the functions H(t) and h(t) are 
complex variables, so the simplicity of the equation can 
be misleading. Once the values of h(t) are known, (ie. 


0.3 
...o 


~ 0.2 
ll.:a 
-< 
0.1 


the value of the input at the discrete times (t)), the 
Fourier Transform can be used to find the magnitude 
and phase shift of the signal at the frequencies (t). 


A spectrum analyzer can provide similar information 
on an analog input signal by using analog filters to sep- 
arate 
the frequency 
components. 
Regardless 
of its 


source, the information on component frequencies of a 
signal can be used to detect specific frequencies present 
in a signal or to compare one signal to another. Many 
lab experiments and product development tests can 
make use of this type of information. Using these meth- 
ods, the purity of signals can be measured, specific har- 
monics can be detected in mechanical equipment, and 
noise bursts can be classified. All of this information 
can be obtained while still treating the FFT process as a 
black box. 


Consider the discrete transform of a square wave as 
shown in Figure 5. Note that the component magni- 
tudes, as shown in the series of Equation 6, are shown 
in a mirrored form in the transform. This will happen 
whenever only real data is used as the FFT input, if 
both real and imaginary data were used the output 
would not be guaranteed to be symmetrical. For this 
reason, there is duplicate information in the transform 
for many applications. Later in this section a method to 
make the most of this characteristic is discussed. 


I 
I 
I 
o 
.25 
.50 


6 
8 
10 
12 
14 
16 
18 
20 
22 
2<4 
26 
28 
3031 
n 


I 
I 
I 
"v 
I 
I 
I 
I 


.75 
1.00 
1.25 
1.50 
1.75 
-1.75 
-1.50 
-1.25 
-1.00 
-.75 
-.50 
-.25 
-.125 


FREQUENCY (n/NT) 
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If one looks at Equation 8, it can be seen that the calcu- 
lation 
of a discrete 
Fourier 
transform 
requires 
N 


squared complex multiplications. If N is large, the cal- 
culation time can easily become unrealistic for real-time 
applications. For example, if a complex multiplication 
takes 40 microseconds, at N = 
16, 10 milliseconds 


would be used for calculation, while at N = 128, over 
half a second would be needed. A Fast Fourier Trans- 
form is an algorithm which uses less multiplications, 
and is therefore faster. To calculate the actual time sav- 
ings, it is first necessary to understand 
how a FFT 


works. 


The FFT algorithm makes use of the periodic nature of 
waveforms and some matrix algebra tricks to reduce 
the number of calculations needed for a transform. A 
more complete discussion of this is in Appendix A, 
however, the areas that need to be understood to follow 
the algorithm 
are presented here. This information 


need not be read if the reader's intent is to use the 
program and not to understand the mathematical pro- 
cess of the algorithm 


To simplify notation the following substitutions 
are 


made in Equation 8. 


W = e-j27T/N 


n 
n=- 
NT 


The resultant equation being 
N-l 


x(n) =L n(k)Wnk 


k=O 
Expressed as a matrix operation 


[ 


X(l)] 
[WO 
WO 
we 
WO] 
X(2) 
we 
Wl 
W2 
WN 


X(3) 
= 
WO 
W2 
-..y4 
, . 
W2N 


X(N-l) 
WQ W(N'-l) 
W2(N-1I,., 
W(N'-1)2 
[ 


Xo(O)] 
Xo(1) 


Xo(2) 


Xo(N~l) 


A brief review of matrix properties can be found in 
Appendix A. Because of the periodic nature of W the 
following is true: 


= cas (2rr nk/N) 
- j SIN (2rrnklN) 


WO = 1 therefore, 
if nk MOD N = 0 , wnk = 1 


This reduces the calculations as severaJ of the W terms 
go to I and the highest power of W is N. All of W 
values are complex, so most of the operations will have 
to be complex operations. We will continue to use only 
the W, X(n) and XO(k)symbols to represent these com- 
plex quantities. 


The FFT algorithm we will use requires that N be an 
integral power of 2. Other FFT algorithms do not have 
this restriction, but they are more complex to under- 
stand and develop. Additionally, for the relatively small 
values of N we are using this restriction should not 
provide much of a problem. We will define EXPO- 
NENT as log base 2 of N. Therefore, 


N = 2EXPONENT 


The magic of the FFT, (as detailed in Appendix A), 
involves factoring the matrix into EXPONENT 
matri- 


ces, each of which has all zeros except for a 1 and a 
wnk term in each row. When these matrices are multi- 
plied together the result is the same as that of the multi- 
plication indicated in Equation 9, except that the rows 
are interchanged and there are fewer non-trivial multi- 
plications. To reorder the rows, and thus make the in- 
formation useful, it is necessary to perform a procedure 
called "Bit Reversal". 


This process requires that N first be converted to a 
binary number. The least significant bit (lsb) is swapped 
with the most significant bit (msb). Then the next lsb is 
swapped with the next msb, and so on until all bits have 
been swapped once. For N = 8, 3 bits are used, and the 
values for N and their bit reversals are shown below: 


Number 
Binary 
Bit 
DeclmalBR 
Reversal 


0 
000 
000 
0 


1 
001 
100 
4 


2 
010 
010 
2 


3 
011 
110 
6 


4 
100 
001 
1 


5 
101 
101 
5 


6 
110 
011 
3 


7 
111 
111 
, 
7 


Recall that the FFT of real data provides a mirrored 
image output, but the FFT algorithm can accept inputs 
with both real and imaginary components. Since the 
inputs for harmonic analysis provided by a single A to 
D are real, the FFT algorithm is doing a lot of calcula- 
tions with one input term equal to zero. This is obvious- 
ly not very efficient. More information for a given size 
transform can be obtained by using a few more tricks, 


inter 


It is possible to perform the FFf 
of two real functions 


at the same time by using the imaginary input values to 
the FFf 
for the second real function. There is then a 


post processing performed on the FFf 
results which 


separate the FFfs of the two functions. Using a similar 
procedure one can perform a transform on 2N real 
samples using an N complex sample transform. 


The procedure involves alternating the real sample val- 
ues between the real and imaginary inputs to the FFf. 
If, as in our example, the input to the FFf is a 2 by 32 
array containing the complex values for 32 inputs, the 
64 real samples would be loaded into it as follows: 


N 
00 01 02 03 04 05 06 07 ..... 30 31 


REAL 
00 02 04 06 08 10 12 14 ..... 60 62 


IMAGINARY 
01 03 05 07 09 11 13 15 ..... 61 63 


This procedure is referred to as a pre-weave. In order to 
derive the desired results, the FFf 
is run, and then a 


post-weave operation is performed. The formula for the 
post-weave is shown below: 


[ 
R(n) 
R(N-nl] 
1Tn [I(N) 
I(N- nl] 
Xr(n)= 
2+-2- 
+cosN 
2+-2- 
- 


. 
1Tn [R(n) 
R(N- n)] 
sinN 
2---2- 
n = 0,1, ... ,N-1 


[ 
I(n) 
I(N- n)] 
. 
1Tn [I(n) 
I(N- nJ] 
Xi(n) 
= "2- -2- 
- Sin N "2 + -2- 
- 


1Tn [R(n) 
R(N- nl] 
cosN 
2---2- 
n=0,1, 
... ,N-1 
(II) 


Where R(n) is the real FFf 
output value 


I(n) is the imaginary FFf 
output value 


Xr(n) is the real post-weave output 
Xi(n) is the imaginary post-weave output 


Note that the output is now one-sided instead of mir- 
rored around the center frequency as it is in Figure 5. 
The magnitude of the signal at each frequency is calcu- 
lated by taking the square root of the sum of the 
squares. The magnitude can now be plotted against fre- 
quency, where the frequency steps are defined as: 


n 
NT 
n = 0, 1, 2, 3, ... 
, N-1 


Where N is the number of complex samples (ie. 32 in 


this case) T is the time between samples 


A value of zero on the frequency scale corresponds to 
the DC component of the waveform. Most signal analy- 
sis is done using Decibels (dB), the conversion is dB = 
10 LOG (Magnitude squared). Decibels are not used as 
an absolute measUre, instead signals are compared by 
the difference in decibels. If the ratio between two sig- 
nals is 1:2 then there will be a 3 dB difference in their 
power. 


There are several things to be aware of when using 
FFfs, 
but with the proper cautions, the FFf 
output 
can be used just like that of a spectrum analyzer. The 
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first precaution is that the FFf is a discrete approxima- 
tion to a continuous Fourier Transform, so the output 
will seldom fit the theoretical values exactly, but it will 
be very close. 


Since the programs in this application note generate a 
one-sided transform with N= 32, the frequency granu- 
larity is fairly course. Each of the frequency compo- 
nents output from the FFf 
is actually the sum of all 


energy within a narrow band centered on that frequen- 
cy. This band of sensitivity is referred to as a "bin". 
The reported magnitude is the actual magnitude multi- 
plied by the value of the bin window at the actual fre- 
quency. Figure 6 shows several bin windows. Note that 
these windows overlap, so that a frequency midway be- 
tween the two center frequencies will be reported as 
energy split between both windows. Be careful not to 


confuse the sampling 
window NT with bin windows or 


with the windowing function. 


Another area of caution is the relationship of the sam- 
pling window to the frequency of the waveform. For 
the best accuracy, the window should cover an exact 
multiple of the period of the waveform being analyzed. 
If it covers less than one period, the results will be 
invalid. Other variations from ideal will not produce 
invalid results, just additional noise in the output. 


If the sampling window does not cover an exact multi- 
ple of all of the frequency components of a waveform, 
the FFf results will be noisy. The reason for this is the 
sharp edge that the FFf 
sees when the edges of the 


window cut off the input waveform. Figure 7 shows a 
waveform that is an exact multiple of the window and 


U1C pcUUUU,,. 
W'lVC1U1Ul 
LfliU. Lnc:rr 
j outpUt 
renects. 
In 


Figure 8, the waveform is not a multiple of the window 
and the waveform that the FFf output reflects has dis- 
continuities. 
These discontinuities 
contribute 
to the 


noise in an FFf 
output. This noise is called "spectral 


leakage", or simply "leakage", since it is leakage be- 
tween one frequency spectrum and another which is 
caused by digitization of an analog process. 


To reduce this leakage, a process called windowing is 
used. In this procedure the input data is multiplied by 
specific values before being used in the FFf. The term 
"windowing" is used because these values act as a win- 
dow through which the input data passes. If the input 
window goes smoothly to zero at both endpoints of 
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(a). Original Signal and Hanning Window 


tne samplmg wmdow, there can be no discontinuities. 
Figure 9 shows a Hanning window and its effect on the 
input to an FFf. The Hanning window was named af- 
ter its creator, Julius Von Hann, and is one of the most 
commonly used windows. More information on win- 
dowing and the types of windows can be found in the 
paper by Harris listed in the bibliography. As expected, 
the results of the FFf are changed because of the input 
windowing, but it is in a very predictable way. 


Using the Hanning window results in bin windows 
which are wider and lower in magnitude than normal, 
as can be seen by comparing Figure 6 with Figure 10. 
For an input frequency which is equal to the center 
frequency of a bin window, the attenuation will be 6 dB 
on the center frequency. Since the bin windows are 
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(b). Signal After Hanning Window 


Figure 9. Effect of Hanning Window 
on FFT Input 
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inter 


wider than normal, the input frequency will also have 
energy which falls into the bins on either side of center. 
These side bins will show a reading of 6 dB below the 
center window. The disadvantage of this spreading is 
far less than the advantage of removing leakage from 
the FFf 
output. 


A set of FFf 
output plots are included in the Appen- 


dix. These plots show the effect of windowing on vari- 
ous signals. There are examples of all of the cases de- 
scribed above. A brief discussion of the plots is also 
presented. 


Applications which can make use of this frequency 
magnitude information include a wide range of signal 
processing and detection tasks. Many of these tasks use 
digital filtering and signature analysis to match signals 
to a standard. This technique has been applied to anti- 
knock sensors for automobile engines, object identifica- 
tion for vision systems, cardiac arrhythmia 
detectors, 


noise separation and many other applications. The abil- 
ity to do this on a single-chip computer opens a door to 
new products which would have not been possible or 
cost effective previously. 


The next four sections of this application note cover the 
operation of the programs on a line by line basis. Sec- 
tion 6 shows an implementation of the FFf 
algorithm 


in BASIC. This code is used as a template to write the 
ASM96 code in Section 7. Sections 8, 9, and 10 cover 
the code sections which support the FFf module. After 
all of the code sections are discussed, an overview of 
how to use the program is presented in Section 11. 


The algorithm for this FFf is shown in the flowchart in 
Figure II and the BASIC program in Listing 1. There 
are four sections to this program: initialization, pre- 
weaving, transform calculation, and post-weaving. The 
flowchart is generalized, however, the BASIC program 
has been optimized for assembly language conversion 
with 64 real samples. 


On the flowchart, the initialization and pre-weaving 
sections are incorporated as "Read in Data". The data 
to be read includes the raw data as well as the size of 
the array and the scaling factor. The details for pre- 
weaving have been discussed earlier, and initialization 
varies from computer to computer. 
LOOP COUNT 


keeps track of which of the factored matrices are being 
multiplied. SHIFf 
is the shift count which is used to 
determine the power of W (as defined earlier) which 
will be used in the loop. 


For each loop N calculations are performed in sets of 
two. Each calculation set is referred to as a butterfly 
and has the following form: 


X(k) ~ 
+ --+ X(k) 
*Wpl 


*Wp2 


X(k+N2) 
+ --+ X(k+N2) 
270189-15 


X(k)]G 
Wpl 


Wp2 


X(k+N2) 


OR 


X1 (k) = Xo (k + N2)*Wp1 
+ XO(k) 


X1 (k + N2) = Xo(k)*Wp2 + Xo(k + N2) 


In general, the W factors are not the same. However, 
for the case of this FFf 
algorithm, Wpl will always 


equal (- Wp2). This is because of the way in which "p" 
is calculated, and the fact that W(x) is a sinusoidal 
function. 


The inner loop in the flowchart is performed N2 times. 
For LOOP = I, N2=N/2 
and if INCNT=N2 
then 


k = N2 and k+ N2 = N, so the first loop is done and 
parameters LOOP, N2, and SHIFf 
are updated. For 


the first loop, all NI2 sets of calculations are performed 
contiguously. As LOOP increases, the number of con- 
tiguous 
calculations 
are 
cut 
in 
half, 
until 


LOOP = EXPONENT. 


When LOOP=EXPONENT, 
N2= 1, the butterfly is 


then performed on adjacent variables. Figure 12 shows 
the butterfly 
arrangement 
for a calculation 
where 


N=8, 
so that EXPONENT = 3. 


The BASIC program follows this flowchart, but opera- 
tions have been grouped to make it easier to convert it 
to assembly language. Also not shown in the flowchart 
are several divide by 2 operations. There are five in the 
main section, one per loop. These provide the T/NT 
factor in equation 8 for N = 32 (25= 32). There is also 
an extra divide by two in the post-weave section. It is 
required to prevent overflows when performing the 16- 
bit signed arithmetic in the ASM96 program. As a re- 
sult of these operations, the input scale factor is ± I = 
± 32767 and the output scaling is ± I = 
± 16384. 


Note, the maximum input values are ±O.99997. 


inter 


TIlIlP = Wp• 
X(k + N2) 
X(k + N2) = X(k) - TIlIlP 
X(k) = X(k) + TIlIlP 


100' 
THIS 
IS ffT13, 
fBBRUARY 
4, 
1986 


105 
• 
llO 
ll5 
120 
' 
126' 
THIS 
PROGRAM 
PBRfORMS 
A fAST 
fOURIBR 
TRANSfORM 
ON 64 RBAL 
DATA 
POINTS 
130 
• USING 
A 2N-POINTS 
WITH 
AN N-POINT 
TRANSfORM 
ALGORITHM. 
THB 
fIRST 
135 
' SBCTION 
Of THB PROGRAM 
PBRfORMS 
A STANDARD 
TRANSfORM 
ON DATA 
THAT 
HAS 
140 
• BBIN 
INTIRLBAVID 
BITWBBN 
THB RBAL 
AND 
IMAGINARY 
INPUT 
VALUBS. 
THB 
145 
• RBSULTS 
Of THAT 
TRANSfORM 
ARB 
THBN 
POST-PROCESSED 
IN THI SICOND 
SICTION 
150 
• Of THI 
PROGRAM 
TO PROVIDI 
TBI 
32 OUTPUT 
BUCKITS. 
THI OUTPUT 
VALUBS 
ARI 
165 
• MULTIPLIBD 
BY 
"M" TO MAKB 
IT BASY 
TO COMPARB 
WITH 
THB ASM-96 
PROGRAM 
160 
• 
165 
INPUT 
"NAMB 
or LIST 
fILB"; 
LST$ 


170 PHINT 
176 OPEN 
LST$ 
rOR OUTPUT 
AS '1 


180 
• 
200 
210 DIM 
IR(32).XI(32),WR(32),WI(32),BR(32) 
220 M=16383 
• M=MULT. 
fACTOR 
rOR SCALING 
230 
N=32 
: Nl=31 
: N2=N/2 
• N=NUMBBR 
or DATA 
POINTS 
240 
LOOP=I 
: K=O 
: BXPONBNT=5 
: SHIfT=BXPONBNT-l 
' 2$$B=N 


250 PI=3.141592654' 
: TPN=2$PI/N 
: PIN=PI/N 


260 
• 
270 
280 
rOR P=O 
TO 31 
290 WR(P)=COS(PN) 
300 NUT 
P 
310 
• 
320 rOR 1=0 
TO 31 
330 
RIAD 
XR(I) 
360 NBXT 
I 
360 
• 
400 
410 
420 
430 
440 
445 
• 
450 
INCNT=INCNT+l 
460 
P=BR(INT(I/(2 
ASHIfT») 


470 
WRP=WR(P) 
: WIP=WI(P) 
: IN2=I+N2 


480 
TMPR= 
(WRP$XR(IN2) 
- WIP$XI(IN2»/2 


490 
TMPI= 
(WRP$XI(IN2) 
+ WIP$XR(IN2»/2 


500 
TMPRl=XR(I)/2 
: TMPII=XI(I)/2 


610 
XR(I+N2) 
= TMPRI 
- TMPR 
' TMPR. 
TMPI 
ARB 
THB RBAL 
AND 
IMAGINARY 
520 
XI(I+N2) 
= TMPII 
- TMPI 
' RBSULTS 
Of A COMPLBX 
MULTIPLICATION 
530 
XR(I) 
TMPRI 
+ TMPR 


540 
XI(I) 
= TMPII 
+ TMPI 


560 
• 
560 
1=1+1 
670 
Ir INCNT<N2 
THBN 
GOTO 
450 


580 
1=I+N2 
• SINCB 
THB ARRAY 
IS PROCBSSBD 
2 POINTS 
AT A TIMB. 


590 
Ir K<Nl 
THBN GOTO 
430 
• ONLY 
N/2 
LOOPS 
NIBD 
TO BB MADB. 
ON BACB 
PASS, 
600 
LOOP=LOOP+l 
: N2=N2/2 
'THE 
VALUB 
or N2 CHANGES 
AND 
SMALLBR 
CONSBCUTIVB 
605 
SHIrT=SBIfT-l 
' SBCTIONS 
ARB PROCBSSBD. 


610 GOTO 
400 
620 
• 
690 
' 
691 
' 
692 
' 
693 
• 


, COPYRIGHT 
INTBL CORPORATION, 
1985 


, BY 
IRA BORDBN. 
MCO 
APPLICATIONS 


PN=P$TPN 
WI(P)=-SIN(PN) 


1=0 
If LOOP>EXPONBNT 
THBN 
700 


INCNT=O 


• WRP 
AND WIP 
ARB CONSTANTS 
BASED 
ON 


, SINBS 
AND COSINBS 
Of BIT 
RBVBRSBD 


, VALUBS 
or 1 SHIrTBD 
RIGHT 
S TIMBS 


694 
' 
695 
' 
696 
' 
697 
• 
700 
710 
• 


720 
FOR K = 0 TO 31 


730 
IPIN=UPIN 


740 XRBRK=XR(BR(K}} 
: XIBRK=XI(BR(K}} 
'CONDENSED 


750 
XRBRNI=XR(BR(N-K}} 
: XIBRNK=XI(BR(N-K}} 


760 
TI = (XIBRK+XIBRNK}/2 


770 
TR = (XRBRK-XRBRNK}/2 


780 XRT= 
(XRBRK+XRBRNK}/4 


790 
XIT= 
(XIBRK-XIBRNK)/4 


800 OUTR= 
XRT + TI*CoS(KPIN}/2 
- TR*SIN(KPIN}/2 


810 oUTI= 
XIT - TI*SIN(KPIN}/2 
- TR*COS(KPIN}/2 


820 
' 
830 MAGSQ 
= OUTR*OUTR+OUTI*OUTI 


840 MAG 
= SQR(MAGSQ) 
845 
IF MAGSQ*M 
< .5 THEN 
DECIBBL=O 


847 DBFACT=M/2/32767*M 
'M 
A2 
/ 64K 


850 DBCIBBL=10*LOG(MAGSQ*DBFACT} 
860 
DBCIBEL=DBCIBBL 
* 
.434294481' 


900 
GOTO 930 


910 PRINT 
'1, 
USING 
••••••• 


920 PRINT 
'1, 
USING 
"\ 


930 
' GOTO 950 


942 
PRINT 
'1, 
USING 


943 PRINT 
'1, 
USING 


945 PRINT 
'1, 
USING 


947 
PRINT 
'1, 
USING 


950 NiXT 
K 
960 
' 
970 
IF LSTS<>·SCRN:· 
THBN 
PRINT 
'1. CHRS(12} 


999 
BND 
1000 BND 
1010 
1020 DATA 
1030 DATA 
1040 
1050 DATA 
1060 DATA 
1070 DATA 
1080 DATA 


, THB ASM-96 
PROGRAM 
USBS 
A TABLB 
LOOK-UP 


, ROUTINE 
TO CALCULATB 
SQUARE 
ROOTS 
GOTo 
900 


"j 
K. 
\.; HBXS(M*oUTR}, 
HBXS(M*OUTI}, 
HBXS(M*MAG} 


"t, 
"j 
K; 
••••••••• 
•••••••• 
••••••• 


"i 
OUTR,OUTI.MAGi 


Hi DBCIBBL; 
Hi M*OUTR. 
M*OUTI, 
M*MAG 


• DATA 
FOR BR(P} 
- BIT RBVERSAL 
0.16.8.24,4,20,12,28.2.18.10.26.6,22,14.30 
1,17,9,25,5.21,13,29,3,19,11,27.7,23,15,31 


• DATA 
FOR 
XR,XI 
2,2,2,2,2,2,2,2,2,2.2,2,2,2,2,2 
2,2,2,2,2,2,2,2.2.2.2,2.2,2,2,2 
-2,-2,-2,-2,-2.-2,-2,-2,-2,-2,-2,-2,-2,-2,-2,-2 
-2,-2,-2,-2.-2,-2,-2,-2,-2.-2,-2,-2,-2,-2,-2,-2 


intJ 


Lines 165-175 set up the file for printing the data, this 
can be SCRN:, LPT1:, or any other file. 


X(O)~X(o) 
><: x(o) 
Xc!) 
X(l)------X(l) 


X(2) 
X(2)-><:---X(2) 
X(3) 
X(3)••-••.••- 
•...•••.X(3) 
X(4)~X(4):><: 
X(4) 
XeS) 
X(S)••_••.••- 
•...•• 
-X(S) 


X(6) 
X(6)-><:----X(6) 
X(7} 
X(7) 
------X(7) 
270189-19 


Lines 200-310 set up the constants and calculate the 
Wp terms which are stored in the matrices WR(p) and 
WI(P), for the real and imaginary component respec- 
tively. 


Lines 320-350 read in the data, alternately placing it 
into the real and imaginary arrays. The data is scaled 
by 2 to make the data table simpler. 


Lines 410-430 initialize the loop and test for comple- 
tion. 


Lines 450-620 perform the FFf algorithm. Note that 
all calculations are complex, with the suffixes "R" and 
"I" indicating real and imaginary components respec- 
tively. 


The variables on line 470, TMPRI 
and TMPIl 
would 


normally not be used in a BASIC program as more 
than one operation can be performed on each line. 
However, indirect table lookups always use a separate 
line of assembly code, so separate lines have been used 
here. 


Lines 700-810 perform the post-weave. This is not in 
the flowchart, but can be found in Equation 11. Once 
again, table look-ups are separated and additional vari- 
ables are used for clarity. The variables BR(x) are the 
bit reversal values of x. 


Line 830 calculates the magnitude of the harmonic 
components. 


Lines 900-950 print the results of the calculations, with 
line 900 determining if the print-out should be in hex or 
decimal. 


Lines 1000-1080 are the data for the bit reversal values 
and input datapoints. The input waveform is one cycle 
of a square-wave. 


The BASIC program just presented has been used as an 
outline for the ASM96 program shown in Listing 2. 
There 
are 
many 
advantages 
to 
using 
the 


BASIC program as a model, the main ones being de- 
bugging and testing. Since the BASIC program is so 
similar in program flow to the ASM96 program, it's 
possible to stop the ASM96 program at almost any 
point and verify that the results are correct. 
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pointe, 
aad the 
output 
of the 
rrr i. nm 
tbrouP 
• ~t-proceNor. 
!be ~ult 
i•• 
ODe aided 
array 
with 
32 
output 
buckete. 
The _t 
proc:eaeial[ 
iacl'- 
a tabla 
lookup allloritha 
for 
takial[ 
the equare 
root 
of an Ull8il[Ded32-bit 
1IWIber.· 


All of the 
calculatioaa 
in the .aiD 
ITT pro_ 
are 
doaa •••ial[ l&-bit 
etlDed 
iDte,en. 
The MXiaIa 
value 
of any frequency 
cc.poneDt 
i. therefore 
+/- 
3211. 
(Note thet 
a equare 
__ 
of +/-3211 bee a ~tal 
coapo••••••t 
_ter 
than +/- 
401). 
Wherever _dble 
toblae 
are used to 
iacreue 
the 
epeed of _th 
operatioaa. 
The caoplete 
tnmaforw, 
includiDlI 
obtaiDinll 
the 
_lute 
_itude 
of each frequeacy 
_t, 
executae 
in 12 
mllieecoade 
with 
iDteraal 
verioblae, 
14 _ 
with 
exterae1. 


The pro_ 
requires 
two 32__ rd input 
arraya, 
with the 
_Ie 
val_ 
alteraeted 
be_ 
the 
two. 
_e 
etert 
at 
IRIAL aad IDWl. 
The resultant 
_itude 
will 
be plecad 
in a 32__ rd erray 
at 
rrT_OIrl'. 
_ 
are 
ell 
exteroally 
defiDed verieblae. 
The extemal 
cooetant 
SCALB]ACTORie used to 
divide 
the 
output 
_ 
everal[iDl[ will 
be ueed. 
Siace 
the prol[rB 
everal[ae 
ita 
output, 
it i. DeCeUary 
to 
elM!" the 
arnIJ 
bMed .t 
'"_OUT 
before 
calliDl[ 
rrT_CAUJto etart 
the 
Prol[rB. 


The prol[rB 
_ 
oril[iDally 
written 
in BASICfor 
testinll 
~ae. 
The 
~te 
iaclude 
theee 
BASICetat_te 
to lIlIke it 
_ier 
to follow 
the 
allloritha. 


_e 


I 
I €: 


I«:S-96 
IIACIIOASSDlBLIJl 
nT_RUN 
02/18/86 
P.IllIl 
2 


DR we 
OBJECT 
LIN! 
SOIlIlCI STA~IIT 
38 
ססoo 
39 
RSBG 
40 
IITIlII 
portl, 
zero. 
error 


41 


0024 
42 
OSlO et 
248 
0024 
43 
M'II: 
del 
I 
T~rary 
refiater. 
Real 


0028 
.~ 
44 
TIlPI: 
del 
I 
T_I"VJ' 
re,ieter. 
z.,iaary 


002C 
45 
M'III: 
del 
I 
T_rery 
reBiaterl, 
~ 
0030 
46 
'lMPIl: 
del 
I 
T_I"VJ' 
re,iaterl, 
z.,taary 


0034 
47 
1Il!NP: 
del 
I 
T~rary 
data nciater, 
Real 
0038 
-~ 
48 
IITIlP: 
del 
I 
T_I"VJ' 
deta 
r'efieter, 
z.,iaary 
r- 
003C 
49 
llJIIII[: 
del 
I 
ii 
0040 
50 
IRIIIII: 
del 
I 
-:r 
0044 
51 
XIIII: 
del 
I 
Ie 
0048 
52 
IIRNI: 
del 
I 
i 


003C 
: 
53 
cliff 
equ 
xrrk 
: I"", 
; T8ble 
dift'ereoce 
tor .• quare 
root 
0040 
54 
.qrt 
equ 
xrruk 
: 1001 
; Square 
root 
0040 
55 
10' 
equ 
xrruk 
: I"", 
; 
10 LoB _itude~2 
CJ) 
0044 
56 
nxtloc 
equ 
xirk 
: 1001 
; Next location 
in t8ble 
3: 
57 


CD 
003C 
58 
IlRP 
equ 
xrrk 
:word 
; Multiplication 
fector, 
~ 
QI 
0031 
59 
WIP 
equ 
xrrk+2 
: word 
; Nul tiplication 
fector, 
z.,iaary 
~ 
0> 
"'1'1 
0040 
50 
PWR 
equ 
xrruk 
:word 
"0 
, 
:!I 
0042 
61 
III CIIT 
equ 
xrrnk+2 
:word 
I 
....• 
0044 
62 
IlDIY2 
xirk 
:word 
; n divided 
by 2 
(0 < D < II) 82 
N 
....• 
equ 
...•.• 
<0 


"0 
63 
01 
..•0 
004C 
64 
1lPTII: 
dew 
I 
j 
IE:for 
COUDter *2 
to 
iDdex 
worda 
Ie 
0041 
65 
1DI2: 
••• 
I 
; IlPTII + 1lDI¥2 
.. 
l» 
0050 
66 
"_Still_I: 
dew 
1 
; "I 
a2 to 
index 
worde 
3 
0052 
67 
HI: 
dew 
1 
i ait 
reveraecl 
pointer 
of 
IPTR 
0 
0064 
-.~' 
68 
HIlI: 
dew 
I 
; Bit 
revereed 
poiDter 
of 
"_Still_I 
0056 
69 
SIII'T_CIIT: 
dew 
1 
0 
0068 
70 
LOOP_CIIT: 
deb 
1 
::l- 
OO4B 
71 
ptr 
equ 
1m2 
:word 
; Pointer tor ~uare 
root t_le 
S· 
0000 
72 
DSBG 
c 
(!) 
73 
.eo 
74 
BITIlII 
rrT_I«IDI 
; 
,rr_I«lOB: 
_ 
for 
rrT 
iDpUt 
_ 
fr1IPbiDB 
75 
IITIlII 
XIlBAL, XDWl 
j 
XRlll, 
IDIAG: 1M. 
eddr_ 
for 
32 16-bit 
ai'- 
76 
j 
eDtriea 
tor 
real 
8Dd t..ciDllry 
n.-berw 
rMpectively. 
77 
IITIlII 
rrT_OUT 
; '"_OUT: 
StartiD, 
eddreu 
for 
32 word 
arrey 
78 
; of-.,oit,. 
into~tiOD. 


79 
0000 
80 
OUTII: 
•••• 
32 
; Real 
ee:.poDellt 
o'f ftt 


0040 
81 
OUTI: 
de •• 
32 
; 
x-,inary 
COIIlIPODeDt 
of 
.veto 
•.• 
82 
PUBLIC OUTII,OUTI 
83 
84 
$&JIlCT 
270189-34 


2280 
,... 
2280 
1100 
iii" 
2282 
810100 
- 
5" 
22l1!5 Fe 
COI 


22116 110158 
2289 
810456 
228C 
AI200044 
en 
== 
2290 
lD 
2290 
960400 
0) 
2293 
014C 
ep 
"Tl 


..•. ~ 
2296 
990568 
I\) 
2298 
DA0220A3 
0 
'U..•0 
CO 
229C 
..• 
I» 
229C 
0142 
3 
0 
2298 
0 
2298 
66020042 
::> 
<:!: 
::> 
22A2 
A04C40 
c: 
CD 
22M 085640 
S: 
22AB 7lFR40 
22AB A341003840 


2280 
A34144393C 
22B5 
A341116393B 
22BA 44444C4B 


rFT_RUH 


LIMB 
116 
116 
87 
88 
89 
90 
91 
92 
93 
94 
96 
96 
87 
98 
99 
100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 


OUT LOOP: 


- 
xorb 
clr 


clrvt 
Idb 
Idb 
Id 


loop_cot 
,'1 
ehft_alt,H 
Ddiv2,'32 


portl,tooOOO1008 
;**** 
lDcIicatioa 
Only 
kptr 
.", 
420 
IF 
LOOP > BIP 
TIIIlII 700 
loop_cot, 
t5 
; 
32=2~5 
\lMlIlAVB 


pwr,kptr 
pwr •• htt_CDt 
pwr •• 111111108 
pwr. brev 
(pwr J 


....".wr(pwrJ 
wip.wi(pwrJ 
1m2, kptr, 
ndi v2 


_. 


IlCS-96 NM:IlOASS_LBR 
rfT_RUIf 
02/18/86 
p- 
4 
I 
Il 


IRIl LOC 0B.1ICT 
LID 
SOOIK:I STA~ 
128 
;; 
~lex 
•• ltiplic:oti 
••• fo11.".. 
129 
130 
; 
480 
_ 
(_XR(IN2) 
- 
WIP*XI(IN2»/2 
2281 
I'I4r4roooo3C24 
1 
131 
p: 
aul 
gpr,Wl"P,xreal[kn2j 
221:5 rl4r4roOOO3l28 
1 
132 
•• 1 
tllpi,wip,x!.-t[Im2] 


22CC 682A26 
133 
.1Ib 
tllpr+2, 
tllp1+ 2 


134 
; 
tllprl,wrp,xt.of[i,;,2j 
490 
M'I= 
(WIIP*XI(IN2) 
+ WIP*XR(IN2»/2 
22Cr 
I'I4r4roooo3C2C 
1 
1315 
wi 
2206 
I'I4r4rooo03l28 
1 
136 
•• 1 
tllpi,wip,xreol 
(1m2] 
22DD 64212A 
137 
odd 
tllpi+2, 
tllprl+2 


138 
r- 
139 
.. 
1IOi... 
the 
bilh 
byte 
OD1y of 
• 
oitDed 
••• 1tiply 
iii" 
140 
.. 
providee 
lID effective 
divide 
by two 
..• 
3" 
141 
ca 
2280 
DC55 
142 
B9T 
IRIlI 
j 
BraDCh on error 
in 
COIIplex IlU.ltiplicatioaa 
r 


143 
2212 
A34DOOOO2C 
1 
144 
Id 
tllpr 1, xreol 
(kptr 
J 
I •• 
, 
500 
DFIll=IR(I) 
/2 
2217 OAOI2C 
145 
.bra 
tllprl,tl 
tt,. 
M'Il=XI(I)/2 
en 
22IA A34DOOOO30 
1 
146 
Id 
tllpU.xt.of(kptr] 
i: 
221r 
OA013O 
147 
.bra 
tllpU,tl 


CD 
148 
0) 
149 
510 XR(IN2) 
= 'IMPIl1 - 
'IMPIl 
~ 
If! 
"II 
22r2 
48262C34 
150 
••.2: 
.1Ib 
xrtllp, blprl. tllpr+2 
'V 
....• ~ 
22F6 C34roOOO34 
1 
151 
.t 
xrtllp, 
xree1 [1m2] 
I 
I\) 
152 
520 
XI(IN2) 
= M'Il 
- 
'lMP1 
~ 
....• 
"U 
22FB 482A3038 
153 
p2: 
.1Ib 
xi tIIp, tllpU, 
tllp1+2 
.....• 
.. 
U'I 
0 
22rr 
C34rooOO38 
1 
154 
.t 
xitllp,x!.-t(Im2] 
ca 
155 
; 
530 
IR(I) 
= 1MPIIl + 'IMPB 
.. 
2304 
44262C34 
156 
odd 
xrtllp, 
tllprl, 
tllpr+2 
DI3 
2308 C34D000034 
1 
157 
.t 
xrtllp, 
xreel(kptr] 
0 
158 
540 
11(1) 
= M'Il 
+ M'I 
230D 442A3038 
159 
"': 
odd 
xitllp, 
tllpU, 
tllpi+2 
0 
2311 
C340000038 
1 
160 
.t 
xitllp,xt.of(kptr] 
~ 
161 
S· 
2316 
DC23 
162 
B9T 
IRIl2 
; Bnmdl 
OD error 
in c::o.plex edditioue 
c: 
CD 
163 
..9: 
164 
$eject 
270189-36 


I«:S-96 
IIACIlO ASS_UlJl 
FfT_RVII 
02/18/116 
PAGll 
5 


IRR 
toe 
OBJICT 
LINK 
SOURCI STATDIlHT 
166 
Itt. 
560 
1=1+1 


2318 
6602004C 
166 
Uc: 
acid 
kptr,t2 
167 
168 
,... 
510 
IF 
IIICNT<N2 TIIIlII 
OOTO 450 
231C 
884442 
169 
~ 
iD_cut,Ddiv2 
23lr 
00022118 
110 
bIt 
IN_LOOP 


111 
112 


"" 
580 
1[=1[+N2 


2323 
64444C 
113 
acid 
kptr.ndiv2 
114 
.", 
590 
IF 
I[<Nl 
THIN OOTO 430 
2326 
893IOO4C 
115 
~ 
kptr,t62 
232A 
»6022161 
116 
bIt 
MID_LOOP 
111 
118 
lIt' 
600 
LOOP=LOOP+l 
: N2=N2/2 
2321 
1158 
119 
laeb 
loop_cut 
II" 
605 
SHIrT=SHIfT+ 
1 
2330 
OAOl44 
180 
abra 
ad1v2,tl 
2333 
1556 
181 
decb 
abtt_cut 
182 
,." 
610 
OOTO 400 
2335 
2159 
183 
br 
OUT_LOOP- 


184 
185 
2331 
810100 
1 
1116 
1IIR1: 
lc1b 
error, to} 
overflow 
error. 
lat 
eet of celcul.tiolW 
233A 
10 
181 
ret 
2338 
810200 
1 
188 
1HB2: 
lc1b 
error,t02 
overflow 
error. 
2ad 
aet 
ot ""leulaUoaa 
2331 
10 
189 
rat 
190 
191 
$Il.JICT 


_0 


I 
I et 


1ICS-96 IIACIlll ASS_LD 
""_R\III 
02/18/86 
p- 
6 


DR 
LOC OBJICT 
LIlli 
~ 
STATDmn' 
192 
193 
",. 
700 
' 
POST-PIIOCISIIIl 
AIID RIOIIDBRIIIl STARTS BIB 
233r 
194 
_VI: 
233r 
810200 
I 
1915 
lei> 
portl,tOOOOOO10b 
j •••• 
196 
187 
; 
"~"~ 
720 
roll 
1=0 10 31 
2342 
0140 
198 
elr 
kptr 
2344 
Al400050 
199 
Id 
D_aub_k,f164 
2348 
200 
UN_LOOP: 


201 
; 
"'1 
740 IIIIIII[=II(8II(1» 
llJIIlIlI(=I8(8II(1) 


2348 
&340003862 
202 
Id 
rk.brovlkptr] 
r- 
234D &353000030 
I 
203 
Id 
xrrk,xreallrk] 
iii 
23152 063C 
204 
oxt 
xrrk 
:: 
2354 
&353000044 
I 
205 
Id 
xirk,xiMe[r"] 
~a 
23S90644 
206 
oxt 
xirk 
I\) 
207 
; 


rnk,brev[D_aub_ki '" 


750 
IIJR1l1=II(8II(JH[): 
IRBRIlI=I8(8R(N-I) 
L 


23S1 
&351003854 
208 
Id 
2360 
A355OOOO4O 
I 
209 
Id 
xrrDk, 
xreal 
[rDk] 
en 
2366 
0640 
210 
oxt 
xrrDk 
~ 
2367 
A35!5000048 
1 
211 
Id 
xirDk,xiMe[rDk] 
IQ 
236C 0648 
212 
ext 
xirDk 
CJI 
213 
; 
iii; 
760 TI=(llIlII 
+ IIIR1l1)/2 
J- 
ep 
'1l 
2361 
44484428 
214 
sr: 
odd 
tllpi,xirk,xlrok 
"U 
:!l 
2372 
A04A2A 
215 
Id 
tllpi+2,xirDk+2 
. 
...•. 
~ 
N 
2375 
A4462A 
216 
oddc 
tllp1+2. 
xirk+2 
....• 
(.,) 
'V 
2378 
0110128 
217 
ahral 
tllpi,tl 
; 
16 bit 
reoult 
iD tllpi 
(II 
a 
218 
a 
219 
Ittl 
770 TR=(IRBIII 
- 
IRIRIlI)/2 
.. 
III 
2371 
48403024 
220 
oub 
tllpr f un:. xrrnk 
3 
23" 
&03126 
221 
Id 
tllpr+2, 
xrrlt+2 
0 
2382 
A84226 
222 
oube 
tllpr+2, 
xrrDk+2 


2385 
0110124 
223 
obral 
tllpr,'l 
; 
16 bit 
reoult 
iD tllpr 
0 
224 
a.. 
225 
jj;j 
780 XRT= (llJIIlIlI( + IRBRIlI)/4 
::;, 
2388 
44403034 
226 
odd 
xrtllp, xrrk, xrrDJr: 
c: 
(l) 
238C A03136 
227 
Id 
xrtIIp+2,xrrk+2 
.s, 
238rA44236 
228 
oddc 
xrtllp+2, 
xrrDk+2 
2392 
000134 
229 
ohIl 
xrtIIp,'14 
: 32 bit 
reoult 
iD xrtIIp 
230 
231 
",. 
790 lIT: 
(118111-IIIR1l1)/4 
23915 48484438 
232 
oub 
xitllp,xirk,xirDk 
2399 
A0463A 
233 
Id 
xitllp+2,xirk+2 


239C A84A3A 
234 
oube 
xitllp+2,xirDlt+2 
239r 
000138 
23S 
oh11 
xitllp,'14 
; 32 bit 
reoult 
iD xitllp 
236 
237 
$eject 
270189-38 


_. 


02/18/86 
PNlB 
7 
l 
1«:8-96 
MACROASSBMIlLER 
FFT_RUN 


IRR 
LOC 
OBJBCT 
LINIl 
SOOIlCB STATI!MIlNT 
238 
",., 
IIIlltiply 
will 
provide 
effective 
divide 
by 
2 
239 
240 
I'.. 
800 
OUTR= (XHT + TI*COSrN(I)/2 
- 
Tll*SIIIrN(I)/2) 
241 
23A2 
FB4F404038242C 
242 
lIT: 
aul 
tJoprI. 
torpr,.1DfD[kptr] 
23A9 
Fl4F4OC2382830 
243 
aul 
torpU, 
torpi,coofD(kptr] 
23BO 643034 
244 
odd 
xrtIIp. 
torpU 
2383 
A43236 
245 
.ddc 
xrtorp+2, 
torpU +2 
23B6682C34 
246 
.ub 
xrtIIp. 
torpr 1 
23B9 
A82B36 
247 
.ubc 
xrtllp+2. 
torpr 1+2 
23BC 034»000036 
R 
248 
.t 
xrtorp+2. 
OIltr (kptr 
) 
i i OUTR 
== Real 
Output 
Value. 
r 
249 
;- 
250 
.•. 
251 
810 
OIlTI= 
(XIT 
- 
TUSIIlFN(I)/2 
- 
TR-eosFII(I)/2) 
S' 
fl" 
ca 
252 
i 


2301 
Fl4F4OC238242C 
253 
.1: 
aul 
torprl, 
torpr ,COOfD (kptr) 
2308 
FB4F4040382830 
254 
aul 
torpil. 
tJopi,.1DfD(kptr 
J 
23CF 
683038 
255 
.ub 
xitorp, 
torpU 
:r- 
2302 
A8323A 
256 
.ubc 
xitorp+2. 
torpU+2 
(fls: 
2305 
682C38 
257 
.ub 
xi torp, tIIpr 1 


CD 
230868213A 
258 
.ub 
xitorp+2. 
torprl+2 
ao 
230B 
034D40003A 
R 
259 
.t 
xitorp+2,outi 
(kptr) 
;; 
OUTI = .IaaaiDary 
Output 
val11M 
,. 
CJl " 


250 
"U 
::!l 
261 
• 
..•. 


262 
830 
MAG =SQJI(Olll'll1OUTR + OIlTUOllTI) 
N 
I\) 
,,.. 
...• 
of>. ." 
263 
<II 
..•0 
2310 
264 
OIT_MAG: 
;; 
Get Ma&nitude of 
Vector 
ca 
2310 
A03624 
265 
Id 
bpr, 
xrt.p+2 
..• 
2383 
A03A28 
266 
Id 
tJopi,xitorp+2 
Dl3 
267 
0 
2386 
P'B6C2424 
268 
aul 
~r.t:.pr 
torpr 
= torpi**2 
+ tJopr**2 
23BA P'B6C2828 
269 
aul 
torpi, 
torpi 
0 
2388 
642824 
270 
odd 
torpr. 
torpi 
:J 
g" 
23Fl 
A42A26 
271 
llddc 
torpr+2, 
tllP1+2 
272 
c 
23F4 
32004C 
1 
273 
bbc 
FFT_1I:lD8,2,OALCjIQIIT 
(D 
.9: 
274 
275 
kJoct 
270189-39 


1«:8-96 
IlACIlO ASS_LlR 
FrT_RIIII 


IlRR toe 
OIIJBCT 
LIMB 
276 
277 
278 
279 
23F7 
280 
23F7 
0166 
281 
23r9 
0r6624 
282 
23rc 
990F56 
283 
23" 
DA04 
284 
285 
2401 
0140 
286 
2403 
202C 
287 
r- 
288 
U; 
2405 
289 
!:!: 
2405_ 
290 
~ 
291 
lQ 
2409.c274K 
292 
N 
240C 444K4K4K 
293 
! 
2410 
66083A41 
294 
295 
CIl 
2414 
A24F4O 
296 
~ 
2417 
A24144 
297 
CD 
2911 
Q) 
241A 684044 
299 
<r' 
." 
300 
... :!l 
241D jC263C 
301 
I\) 
." 
24206C443C 
302 
(1l .. 
303 
0 
2423 
0C083C 
304 
lQ 
2426 
643C40 
305 
.. 
DJ 
2429080540 
306 
3 
307 


'0 
242C A7570A3C40 
308 
0 
309 
a.. 
310 
:;, 
311 
c: 
2431 
312 
CD 
2431 
080040 
I 
313 
S: 
2434 
A4D04D 
K 
314 
2437 
674D000040 
K 
315 
243C C34D000040 
I 
316 
317 
2441 
2045 
318 
319 


.blt 
CDt 
tJlpr:.hft 
ent 


.bft_COlt,'ll1 
LOG_I1UlAHllll 


1dbae 
.ckI 
add 


1d 
1d 


SOOIICI STATDmn' 


; ; ; ; 
••• 
CALCULATE10 10' 
_1tude~2 
••• 
Output 
= 512.l0.LOG(x) 
x=l,2,3 
•.• 
641[ 


CALC LOG: 
- 
clr 
DOnol 
••• 
J1e 


LOG STOHl: 


- 
obr 
.ckIc 
.ckI 
.t 


c1r 
10' 
br 
LOG_STORK 


LOG_IN_1WIGll: 


add. 
ahft_CDt,abtt_a.t,ahft_alt 


ptr,t.&>r+3 
; _t 
dpifiC8llt 
byte 
18 t1lb1e 
poiDter 
ptr.ptr,ptr 
j 


ptr,' 
LOG_TABLI-266 
; ptr= 
Table 
+ offaet 
(offHt=apr+3) 


Dee -256 
dace 
apr+3 
i •• 
1_ 
>= 128 


diff,t8 
10"diff 
10,,15 


10e 
= 10' 
+ diff 
/266 


8192/32 
• 20LOG(x) 
= 266 
• 20LOG(x) 


10e ,loe_ offaet 
(.hft 
_COltJ 


;; 
to. 
(MaN) = to. 
II + toe 
N 


10', 
tSCALI_FACTOR 
lo.,_ero 
10.,rrT_0UT[Jeptr] 
1oe, rrT_OUT[lcptr] 


IIlDL 


I«:S-96 
MACROASSIIIlBLIlR 


IRR 
LOC 
OB.1ECT 


2443 


2443 
0156 
2445 
0F5624 


2448 
D705 
244AC04200 
244D 
2029 


244r 
~ 
244r 
AC2741 
ii" 
2452 
44414141 
- 
S' 
2456 
65083941 
ca~ 
2451. A24r40 
L 


245D 
1.24144 


(J) 
2460 
684044 
3: 
2463 
AC263C 
CD 
01 
2466 
6C443C 
q> ." 
..•. :!l 
2469 
AC3D3C 
I\:l 
246C 
643C40 
0> 
'V..•0 
246r 
44565656 
ca 
iil 
2473 
6F57C83940 
3 
0 
0 
2478 
a 
2478 
080042 
5' 
2478 
A4OO42 
c: 
2471 
6740000042 
(1).3: 
2483 
C34DOO0042 


2488 
6502004C 
248C 
69020050 
2490 
Dro22684 


2494 
ro 


rrT_RUN 


LINK 
320 
321 
322 
323 
324 
325 
326 
1 
327 
328 
329 
330 
331 
332 
333 
334 
335 
336 
337 
338 
339 
340 
341 
342 
343 
344 
345 
346 
347 
348 
349 
350 
351 
352 
1 
353 
1 
354 
B 
355 
B 
356 
357 
358 
359 
360 
361 
362 
363 
364 
365 
366 


SQIlT III 1WIGIl: 
- 
-lcllze 
lldd 
lldd 


SQ/lT_ III_1WIGIl 
cero,aqrt+2 
SQIlT_STORB 


ptr. t.pr+3 
; MMt aicnifiamt 
byte i. teble 
pointer 
ptr,ptr,ptr 
ptr.. 
SQ TABLB-256 
; ptr= 
TobIe 
+ off ••• t 
(oU ••• t=bp 
••••.3) 
- 
U••• -256 
alace 
bp ••••.3 ia 
al_ 
>= 128 


DXtloc 
= 
aqrt 
- 
DeXt 
aqrt 


diff+ 
1 = DXtlOC 
• 
t.p ••••.2 / 
256 


add 
ahft_CDt,.htt_CDt,ahft_CDt 


1lU1u 
aqrt. tllb_aqr(ahft_cut] 
j 
divide 
by DO~li&ation 
factor 


:; 
••. la 
act ••• 
divide 
.iDee it teb2:OFn7B 
j; 
aqrt 
would reM.1D eMeotiely 
~ed. 


aqrt+2.ISCALI 
'ACTOR 
aqrt+2,zero 
- 


aqrt+2, 
rrr_OIlT[kptr 
J 
aqrt+2, 
rrr_OIIT[kptr 
J 


kptr.n 
D_aub_k,t2 
UN_LOOP 


SQ/lT STORB: 


- 
abr 
addc 
edd 
at 


BNDL: 
add 
aut> 
bne 


I 
I _0 
~ _ _ 
~__ 
"'..... ._" 
' ,cf 


ERRLOC OIlJllCT 
LINIl 
SOOIICESTATBMIlNT 
367 
;.noUot 
3800 
368 
CSIG 
AT 
3900H 
• It' 
UM 2k tor tMlil_ 
369 
3800 
310 
BRlV: 
j 
2*bit 
revera.} 
value 
371 
3800 0000200010003000 
372 
DCW 
2*0. 
2*16. 
2*8, 
2*24. 
2*4. 
2*20. 
2*12, 
2*28 
3810 0400240014003400 
373 
DCW 
2*2, 
2*18. 
2*10, 
2*26. 
2*6, 
2*22, 
2*14. 
2*30 
3820 0200220012003200 
374 
DCW 
2*1. 
2*17. 
2*9, 
2*25, 
2*6. 
2*21. 
2*13. 
2*29 
3830 0600260016003600 
375 
DCW 
2*3. 
2*19. 
2*11, 
2*27. 
2*7. 
2*23. 
2*15, 
2*31 
376 
3840 
377 
SIHrN: 
C 
3840 0000BCOCF9182825 
378 
DCW 
O. 
3212, 
6393, 
9512, 
12539. 
15446, 
18204, 
20787 
!!l. 
3850 825Al'1626D6A!270 
379 
DCW 
23170, 
25329, 
27245. 
28898, 
30273, 
31356, 
32137. 
32609 
_. 
3860 ml'617rl197D7C7A 
380 
DCW 
32767. 
32609, 
32137, 
31356. 
30273. 
28898, 
27245. 
25329 


e& 
3870 825A33511C47563C 
381 
DCW 
23170, 
20787, 
18204. 
15446, 
12539. 
9512, 
6393, 
3212 
N 
3880 000074F307B7D8OA 
382 
DCW 
O. 
-3212. 
-£393, 
-9512, 
-12539, 
-15446, 
-18204, 
-20787 
I 
3890 7EA50F9D93951B8r 
383 
DCW 
-23170, 
-25329, 
-27245, 
-28898, 
-30273. 
-31356, 
-32137, 
-32609 
)0 
38AO01809rB077828485 
384 
DCW 
-32767. 
-32609, 
-32137, 
-31356, 
-30273, 
-28898, 
-27245, 
-25329 
en 
3880 7EA5CDA!E488AAC3 
385 
DCW 
-23170, 
-20787, 
-18204, 
-15446. 
-12539. 
-9512, 
-£393. 
-3212 
s: 
3BCO0000 
386 
DCW 
0 
~ 
387 
en 
3BC2 
388 
COSrN: 
~ 
OJ 
"TI 
3BC2 rr71'617rl197D7C7A 
389 
DCW 
32767. 
32609, 
32137, 
31356. 
30273. 
28898. 
27245. 
25329 
"D 
, 
"TI 
3802 825A33511C47563C 
390 
DCW 
23170, 
20787. 
18204. 
15446. 
12539. 
9512. 
6393. 
3212 
I 
...•.-I 
38!2 000074r307E7D8OA 
391 
DeW 
O. 
-3212, 
-£393. 
-9512. 
-12539. 
-15446. 
-18204. 
-20787 
N 
!::3 
"0 
38r2 7EA50F9D9395l!8r 
392 
DCW 
-23170, 
-25329. 
-27245. 
-28898. 
-30273. 
-31356. 
-32137. 
-32609 
~ 
o 
3902 01809rB077828485 
393 
DCW 
-32767. 
-32609, 
-32137, 
-31356. 
-30273. 
-28898, 
-27245. 
-25329 
CO 
3912 7EA5CDA!E488AAC3 
394 
DCW 
-23170, 
-20787, 
-18204, 
-15446. 
-12539. 
-9512. 
-£393. 
-3212 
iil 
3922 0000BCOC1'9182825 
395 
DCW 
O. 
3212, 
6393, 
9512. 
12539, 
15446. 
18204. 
20787 
3 
3932 825AFl626D6A!270 
396 
DCW 
23170, 
25329, 
27245, 
28898. 
30273, 
31356. 
32137, 
32609 
~ 
3942 rr7r 
397 
DCW 
32767 
a 
388 
o 
3944 
399 
WR: 
WR= COS(K*2PI/H) 
a 
3944 rr7rl197D41766D6A 
400 
DCW 
32767, 
32137. 
30273. 
27245. 
23170, 
18204, 
12539, 
6393 
::J 
3954 000007B705CrE48l! 
401 
DCW 
0, 
-£393. 
-12539, 
-18204. 
-23170, 
-27245. 
-30273. 
-32137 
ai 
3964 018077828F999395 
402 
DCW 
-32767, 
-32137. 
-30273. 
-27245. 
-23170. 
-18204. 
-12539, 
-£393 
a. 
3974 0000F918rB301C47 
403 
DCW 
O. 
6393. 
12539. 
18204. 
23170. 
27245. 
30273. 
32137 
- 
3984 rr7r 
404 
DCW 
32767 
405 
3986 
406 
WI: 
•• " 
WI = -SIH(K*2PI/H) 
3986 oo0007B705CFIl488 
407 
DCW 
-0, 
-£393. 
-12539. 
-18204. 
-23170, 
-27245, 
-30273. 
-32137 
3996 018077828F999395 
408 
DCW 
-32767. 
-32137. 
-30273. 
-27245. 
-23170. 
-18204, 
-12539. 
-£393 
39A6 0000F918rB301C47 
409 
DCW 
0, 
6393. 
12539, 
18204, 
23170, 
27245, 
30273. 
32137 
3986 rr7r897D41766D6A 
410 
DCW 
32767, 
32137. 
30273. 
27245, 
23170, 
18204, 
12539, 
6393 
39C6 0000 
411 
DCW 
0 
412 
.eject 
270189-42 


1«:S-!l6 
MACROASSBMBLIB 
nT_RUN 
02/18/86 
PAIlIl 
11 


IRR toe 
OBJECT 
LIN! 
SOOIlCI STATDIlNT 
413 
414 
3008 
415 
TAB_SQR: 
: 65535/(aquare 
root 
of 
2**SIIFT_CNT) 
; 
O(=SIIFT_CNT(32 
416 
417 
1 
2 
4 
8 
16 
32 
64 
128 


3008 
FFFF04B50080825A 
418 
OCW 
65535, 
46340, 
32768, 
23170, 
16384, 
11585, 
8192, 
5793 
418 
420 
256 
512 
1024 
2048 
4096 
8192 
16384 
32768 
3908 
0010500BOOO8A805 
421 
OCW 
4096, 
2896, 
2048, 
1448, 
1024, 
724, 
512, 
362 


422 
,... 
423 
65536, 
131072, 
262144, 
524288, 
ii' 
3918 
000 IB50080005BOO 
424 
OCW 
256, 
181, 
128, 
91, 
64, 
45, 
32, 
23 
- 
39F8 
1ooo0Booo8000000 
425 
OCW 
16, 
11, 
8, 
6, 
4, 
3, 
2, 
1 
S· 
426 
CO 
427 
N 
3A08 
428 
50_TABLE: 
; .quare 
root 
of n • 2**24 
11=128, 
129, 
130 
••• 
256 
! 


429 
3A08 0585BAB561B62lB7 
430 
OCW 
46341, 
46522, 
46702, 
46881, 
47059, 
47237, 
47415, 
47591 
(I) 
3A18 97BA46BBr5BBA3BC 
431 
OCW 
47767, 
47942, 
48117, 
48291, 
48465, 
48637, 
48809, 
48981 
i: 
3A28 OOCOMC054C1FDC1 
432 
OCW 
49152, 
49322, 
49492, 
49661, 
49830, 
499911, 
50166, 
50332 
CD 
3A38 43C51OO581C633C7 
433 
OCW 
50499, 
506&5, 
50830, 
50995, 
51159, 
51323, 
514116, 
51649 
en 
3A48 63CA04CBA6C846CC 
434 
OCW 
51811, 
51972, 
52134, 
52294, 
52454, 
52614, 
52773, 
52932 
O'l 
"ll 
3M8 62Croo009OD03AO 1 
435 
OCW 
53090, 
53248, 
53405, 
53562, 
53719, 
53874, 
54030, 
64185 
, 
:!l 
3A68 4404DBD477D511D6 
436 
OCW 
64340, 
64494, 
64647, 
64801, 
64964, 
55106, 
55258, 
56410 
~ 
I\) ." 
3A78 0909AOD936DACCDA 
437 
OCW 
55561, 
55712, 
55862, 
56012, 
56162, 
56311, 
56459, 
56608 
en ..• 
3A88 84D047DIDBDI6IDF 
438 
OCW 
56756, 
56903, 
57061, 
57198, 
57344, 
57490, 
57636, 
57781 
0 
3A!l8 461207126713F713 
439 
OCW 
57926, 
58071, 
58215, 
58359, 
58503, 
58646, 
58789, 
58931 
CO 
3AAB Cll64F17DDI76AB8 
440 
OCW 
59073, 
59215, 
59357, 
59498, 
59639, 
59779, 
59919, 
60059 
..• 
III 
3AB8 271BB21B3DICC7IC 
441 
OCW 
60199, 
60338, 
60477, 
60615, 
60764, 
60891, 
61029, 
61166 
3 
3AC8 771rooro88rol0Fl 
442 
OCW 
61303, 
61440, 
61576, 
61712, 
61848, 
61984, 
62119, 
62264 
0 
3A08 B4r33Br4CIF446F5 
443 
OCW 
62388, 
62523, 
62657, 
62790, 
62924, 
63057, 
63190, 
63323 
0 
3A18 DI'F763F817F86Ar9 
444 
OCW 
63455, 
63587, 
63719, 
63850, 
63982, 
64113, 
64243, 
64374 
:l 
3AF8 rBn7ArCr8rC7DrD 
445 
OCW 
64504, 
64634, 
64763, 
64893, 
65022, 
65151, 
65280, 
65408 
d. 
446 
:l 
447 
$eject 
C 
CD 
270189-43 
-S: 


3808 
00002A024P047006 


3818 
OAlOB3121914KA16 
3828 
8020A92292247826 
3838 
C42F973166333335 
3848 
063BC13F7A413043 


3B58 
954830400F4B8150 
3868 
8458175AA858365D 
3878 
DB646066B0675D69 
3888 
8370247294730275 
3898 
087C6B7DCF7B2F80 
38AB F28647889889BDBA 
3888 
70918892FF934595 
3BC8 BB9BC89C049B3B9F 
3808 
4CA57BA6AFA7DBAB 
38B8 
89ABBOAF07812CB2 
38FB 
D6B7F488118A2D88 
3C08 
A9CO 


3COA 


F"_RUH 


LINK 
448 
449 
450 
451 
452 
453 
454 
4M 
456 
457 
458 
459 
460 
461 
462 
463 
464 
465 
466 
467 
46B 
469 
470 
471 
472 
473 
474 
475 


DCIf 
O. 
554. 
1103. 
1648, 
2190, 
2727, 
3260, 
3789 
DCIf 
4314. 
4835, 
5353, 
5866. 
6376, 
6883. 
7386, 
7886 
DCIf 
8381, 
8873. 
9362, 
9848, 
10330, 
10810. 
11286, 
11758 


DCIf 
12228, 
12695. 
13168, 
13619, 
14076, 
14531, 
14983, 
IM32 
DCW 
16878, 
16321. 
16762, 
17200, 
17635. 
18067, 
18497, 
18925 


Dell 
19349, 
19772, 
20191, 
20609, 
21024, 
21436, 
21846, 
222M 
DCW 
22660, 
23063, 
23464, 
23862, 
24359. 
24653, 
25045, 
35435 
Dell 
35822, 
26208, 
26692, 
26973, 
27353, 
27730, 
28106, 
28479 
DCW 
28851, 
29220, 
29588, 
29954, 
30318, 
30680, 
31040, 
31399 
Dell 
31755, 
32110, 
32463, 
32815, 
33166, 
33512, 
33869, 
34203 
DCIf 
34646, 
34887 
I 
35227. 
35565, 
35902, 
36236, 
36570. 
36901 


Dell 
37232, 
37!l6O, 
37887, 
38213, 
38537, 
38860 I 
39181, 
39501 
DCW 
39819, 
40136, 
40452, 
40766, 
41079. 
41390, 
41700, 
42009 
Dell 
42316, 
42622, 
42927, 
43230, 
43533, 
43833, 
44133, 
44431 
DCW 
44729, 
45024, 
45319, 
45612, 
45!lO5, 
46196, 
46486, 
46774 
Dell 
47062, 
47348, 
47633, 
47917, 
48200, 
48482, 
48763, 
49042 
DCW 
49321 


; 512*10*LOG(2**05-n» 
n= 
0,1,2.3 
••• 
15 


; 512*l0*LOG(0.5) 
n= 
16,17.18 
•.. 
31 


DCIf 
23119. 
21578, 
20037, 
18495, 
16954, 
1M13, 
13871, 
12330 
Dell 
10789, 
9248, 
7706, 
6165, 
4624, 
3083, 
1541, 
0 


inter 


The BASIC program 
is used as comments 
in the 


ASM96 program. Some of the variables in the ASM96 
program have slightly different names than their coun- 
ter-parts in the BASIC program. This was to make the 
comments fit into the ASM96 code. Highlights in this 
section of code are a table driven square root routine 
and log conversion routine which can easily be adapted 
for use by any program. 


Both the square root routine and the log conversion 
routine use the 32-bit value in the variable TMPR. The 
square root routine calculates the square root of that 
value in the variable SQRT+ 2, a 16-bit variable. In 
this program, the square root value is averaged and 
stored in a table. 


The log conversion routine divides the value in TMPR 
by 65536 (216) and uses table lookup to provide the 
common log. The result is a 16-bit number with the 
value 512 • 10 Log (TMPR/65536) 
stored in the vari- 
able LOG. This calculation is used to present the re- 
sults of the FFf in decibels instead of magnitude. With 
an input of 63095, the output is 512"48 dB. The graph 
program, (Section 10), prints the output value of the 
plot as INPUT/512 
dB. 


The following descriptions of the ASM code point out 
some of the highlights and not-so-obvious coding: 


Lines 1-104 initialize the code and declare variables. 
The input and output arrays of the program are de- 
clared external. Note that many of the registers are 


overJayable, use caution when implementing this rou- 
tine with others with overJayable registers. 


Lines 116-124 calculate the power of W to be used. 
Note that KPTR is always incremented by 2. The mul- 
tiple right shift followed by the AND mask creates an 
even address and the indirect look to the BR (Bit Re- 
versal) table quickly calculates the power PWR. 


Lines 130-138 perform the complex multiplications. 
Since WIP and WRP range from - 32767 to + 32767, 
the multiplication is easy to handle. The automatic di- 
vide by two which occurs when using the upper word 
only of the 32-bit result is a feature in this case. 


Lines 144-163use right shifts for a fast divide, then add 
or subtract the desired variables and store them in the 
array. Note that the upper word of TMPR and TMPI 
is used, and the same array is used for both the input 
and output of the operations. 


Lines 165-189update the loop variables and then check 
for errors on the complex multiplications 
and addi- 


tions. If there are no overflows at this time the data will 
run smoothly through the rest of the program. 


Lines 200-212 load variables with values based on the 
bit reversed values of pointers. 


Lines 214-236 perform additions and subtractions 
to 


prepare for the next set of formulas. Note that XITMP 
and XRTMP are 32-bit values. 


inter 


Lines 240-260 perform multiplies and summations re- 
sulting in 32-bit variables. This saves a bit or two of 
accuracy. The upper words are then stored as the re- 
sults. 


Lines 263-272 generate the squared magnitude of the 
harmonic component as a 32-bit value. 


Lines 278-310 calculate 10 Log (TMPR/65536). 
The 


32-bit register TMPR is divided by 65536 so that the 
output range would be reasonable. 


First, the number is normalized. (It is shifted left until a 
I is in the most significant bit, the number of shifts 
required is placed in SHFT_CNT.) 
If it had to be 


shifted more than 15 times the output is set to zero. 


Next, the most significant BYTE is used as a reference 
for the look-up table, providing a l6-bit result. The next 
most significant BYTE is then used to perform linear 
interpolation between the referenced table value and 
the one above it. The interpolated value is added to the 
directly referenced one. 


The l6-bit result of this table look-up and interpolation 
is then added to the Log of the normalization factor, 
which is also stored in a table. This table look-up ap- 
proach works fast and only uses 290 bytes of table 
space. 


Lines 321-357 calculate the square root of the 32-bit 
register TMPR using a table look-up approach. 


First, the number is normalized. Next, the most signifi- 
cant BYTE is used as a reference for the look-up table, 
providing a l6-bit result. The next most significant 
BYTE is then used to perform linear interpolation be- 
tween the referenced table value and the one above it. 
The interpolated value is added to the directly refer- 
enced one. 


The l6-bit result of this table look-up and interpolation 
is then divided by the square root of the normalization 
factor, which is also stored in a table. This table look- 
up approach works fast and only uses 320 bytes of table 
space. The results are valid to near l4-bits, more than 
enough for the FFT algorithm. 


Lines 352-360 average the magnitude value, if multiple 
passes are being performed, and then store the value in 
the array. The loop-counters are incremented and the 
process repeats itself. 


This concludes the FFT routine. In order to use it, it 
must be called from a main program. The details for 
calling this routine are covered in the next section. 


8.0 
BACKGROUND 
CONTROL 
PROGRAM 


The main routine is shown in Listing 3. It begins with 
declarations that can be used in almost any program. 
Note that these are similar, but not identical, to other 
8096 include files that have been published. Comments 
on controlling the Analog to Digital converter routine 
follow the declarations. 


SUIIS-III 
1CS-96 
IIACIlll ASS_LlR, 
n.o 


SOua::B 
rILII: 
:J'2:I"DlAIN.A96 
OBJECT rILII: 
: J'2: I"DlAIN. OBJ 
COIlTIIOLS SPllCIrIID 
IN IIIWCATION 
ClIMAND: 
_B 


LINI 
1 
2 
3 
4 
5 
B 
7 
8 
9 
10 
11 
12 
13 
14 
=1 
15 
=1 
16 


=1 
17 
=1 
18 


=1 
19 
=1 
20 
=1 
21 
=1 
22 
=1 
23 


=1 
24 
=1 
25 
=1 
26 
=1 
27 


=1 
28 


=1 
29 
=1 
30 


=1 
31 
=1 
32 


=1 
33 
=1 
34 


=1 
35 


=1 
36 
=1 
37 


=1 
38 


=1 
39 


=1 
40 
=1 
41 


rrT_MAIN_APIIO'I1l 
IDlULll 
MAIN, STAClSIZI(6) 


Intel 
CorporatiOll, 
.1........,. 
24, 
1986 
bJ' 
Ira 
Borden, 
/CO 
ApplicatiODll 


TIli. 
procr- 
perlo~ 
lID rrr on real 
data 
aad plot. 
it 011 • printer. 


It 
_ 
tbe 
pro ••.• 
IIOdul_ 
A2DCOIl, PLOTSP, 
and 
rrTllUH. 
Tbe 
Mjuat1lb1e 
~t:en 
of each of the pro~ 
are eet by thi. 
_in 
aodule. 


Copyricht 
1985, 
Intel 
Corporatioo 
October 
28 ,1985 
by 
Ira 
Rorden, 
/CO 
ApplicatiODll 


ZBKl 
IQU 
OOb:NORD 
/lIW 
Zero He,tater 
AD_CQIWID 
IQU 
02R:BYTB 
W 
A to 
D ~ 
re.iater 
AD_IIIlSULT_LO 
IQU 
02R:BYTB 
R 
Low byte 
of 
~ult 
llDd channel 
AD IIIlSULT RI 
IlQU 
03R:BYTB 
R 
Ri,b 
byte 
of 
~ult 
IISX NODI - 
IQU 
03R:BYTB 
W 
Coatrola 
lISt trmwition 
detector 
RSO=T_ 
IQU 
D4R:NORD 
W 
IISI 
tiM 
tea 
IISI 
TIMB 
IQU 
D4H:NORD 
R 
HSO ti_ 
tea 
RSO- OOIIWID 
IQU 
D6R:BYTB 
W 
RSO -..d 
tea 
IISI=STATUS 
IQU 
D6R:BYTB 
R 
lISt 
atatUil re(iater 
(read8 
fifo) 
SBur 
IQU 
07R:BYTB 
/lIW 
Serial 
port 
buffer 
INT MASI 
IQU 
08R:BYTB 
/lIW 
Interrupt 
~ 
re,tater 


INT=PBNDIIIG 
IQU 
09R:BYTB 
/lIW 
Interrupt pendin. re,later 
SPOOIl 
IQU 
11R:BYTB 
W 
Serial 
port control 
regiater 
SPSTAT 
IQU 
llH:BYTB 
R 
Serial 
port atatUII re,iater 
WATCIIDOCl 
IQU 
OAR:BYTB 
W 
Watcbdo, 
tiMr 


BIIR toe 
0IIJIlCT 


OOOA 
0000 
0008 
OOOK 
OOOf 
0010 
0015 
0015 
0016 
0016 
0017 
0018 


OOOD 
OOOA 


LINE 
=1 
42 
=1 
43 


=1 
44 


=1 
45 


=1 
46 
=1 
47 
=1 
48 


=1 
49 


=1 
50 
=1 
51 
=1 
52 
=1 
53 
=1 
54 
=1 
55 
=1 
56 
=1 
57 
=1 
58 
=1 
59 
=1 
60 
=1 
61 


=1 
62 
=1 
63 
=1 
64 
=1 
55 
=1 
66 
=1 
67 
=1 
68 
=1 
69 
=1 
70 
=1 
71 
=1 
72 
=1 
73 
=1 
74 
=1 
75 
=1 
76 


=1 
77 
=1 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 


SOlJJlCB STATDmn' 
TIMB81 
BClU 
OAR:IlOIlD 
TD1BR2 
IlIU 
OCR:IIOKD 


PORTO 
BQU 
OU: BYTE 


BAUD IlBG 
BClU 
OU: BYTE 


PORT! 
IlIU 
01'11:BYTE 
PORTZ 
BClU 
10K: BYTE 


lOCO 
IlIU 
15K: BYTE 
IOSO 
IlIU 
15H: BYTE 
lOCI 
IOU 
168: BYTE 


IOSI 
BClU 
168: BYTE 
PWMCONTROL 
BClU 
17K: BYTE 
SP - 
BClU 
18K: IlOIlD 


8 
Tt.erl 
reeiater 


8 
Tt.er2 
reeiatar 


8 
I/O 
port 
0 
W 
Baud 
rate 
reciater 


R/W 
I/O 
port 
1 
8/W 
I/O port 2 


W 
I/O 
CODtrol 
reeiater 
0 
R 
I/O .tab. 
re,iater 
0 
W 
I/O 
control 
re.iater 
1 
R 
I/O .tatua 
re.tater 
1 
W 
•••• 'control 
re,i.ter 
R/W 
Syat_ 
atack 
pointer 


PUBLIC 2B1Ill. AD_C<MWlll. 
AD_RESULT_LO. AD_HSSULT_HI, HSI_IIlOB. 
HSO_TIMB. HSI_ TIME 
PUBLIC HSO_C<MWlll 
PUBLIC HSI_STATUS. SBur. 
INT_MASB. INT_PBKDINO.WATCIIDOO.TIMERl, TIMBR2 
PUBLIC BAUD_IlIlG. PORTO. PORTl, 
PORT2.SPSTAT.SPCON.IOCO.IOCl.IOSO,IOSI 
PUBLIC PWM_CONTROL,SP.CR,Lf 


AX 
(AX+I) 
BX 


: BYTE 
: BYTE 
: BYTE 


SUat 
Turn 
aatiOB 
back 
on 
Bod 
of 
include 
file 


AZU UTILITY 
C<MWlllS/HSSPONS8S 
FOB "CONTROL_AZU" 
_ 


buay 
COD bO 
ciuIIP _ bO..p_a 
i_. 
_ 


7 
00010000bi 
convert 
to 
Burro 
OOlOI000bi 
download 
Burro 
sa 
PAIJlIlD SIOKED data 


1«:5-96 
MACROAS5_LBR 


ERR LOC 
OBJIlCT 


0080 
0080 
0080 
OOCO 


rrr _MAIN_APllO'rI 


LINK 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 
100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 


PLOT RB5 
PLOT-RB5 
2 
PLOT=MAX- 


256 
p10t_r •••/2 
plot_rM*l45 


_r 
of rillht •• 
hitt. 
perfo'- 
00 


output 
ot ,n. 
u.ed 
to 
preveot 
overflow 
OD 
__ 
tion 


blprea1: 
dol 
t•••~: 
dol 
Mldptr: 
cIow 
varptr: 
dIN 


fft_lIode: 
dob 
error: 
dab 
avr cnt: 
c:t.b 
PUBLIC error. 
ftt_-.ode 


OSlO at 80b 
llRllAL: 
DKST Burr 
BASI: 
DSW 
64 
XIMAG equ - 
1RBAL.e4 


PLOT rH: 
rrr 
OuT: 


BurPo 
BASI: 


BUrFl=BASI: 


ror 
rrr 
rout1De 
lor 
A2D rout iae 
ror 
rrr 
rout1De 


ror rn 
rout 
iDe 
ror 
A2D routiae 
ror 
A2D rout1De 


_. 


I 
It 
II:S-96 
MACROASS_LIR 
nT _MAIN_APIIOTJl 
02/18/86 
PAGll 
4 


IRR we 
OBJECT 
LINK 
SOllIlCK STATINlIIT 


134 


2080 
135 
CSIlG AT 20808 
136 
137 
IlITBN 
INIT_OU'I'PUr, 
DRAW_GRAPH, 
COM_OUT 
: 
For 
Plot 
Routi 
••• 


138 
IITIlN 
Fn 
CALC 
; for rrr rout.ine 


139 
IITIlN 
A2D=BurF_1lT1L 
; For 
A2D routiDe 
140 
2080 
Al000018 
R 
141 
LD 
SP,fSTACI 


2084 
A301OO301C 
142 
LD 
AI.3000B 
2089 
143 
SlI_WAIT: 


2089 
BOIClll 
144 
cIJnz 
aI,De_wait 
: WAIT FOR SBI 
TO CLIAR SBRIAL PORT INTKIIIllIPTS 
208C 
B01DFA 
I 
145 
dJaz 
all,abe_wait 
145 
!: 
206F 
lFOOOO 
1 
147 
BIlGIN: 
CALL 
INIT_ 0IlTPIIT 
; Initialize 
aerial 
port 
fIJ 
148 
- 
2092 
149 
NKW_TBAIlSlOIlII_SKT: 
5' 
2092 
B10000 
8 
150 
1db 
Ift 
__ 
.IOOOOB 
: 
Bit 
0 - 
Real 
data 
/ 
Tab1ad 
data. 
CO 
151 
: 
Bit 
1 - 
Wio_ 
/ 
Unwio_ 
i 
152 
: 
Bit 
2 - 
101.,. 
~2 
/ 
Mapitudet 
153 
: 
Bit 
3 - 
256*db 
plot 
/ 
No,...1 
Plott 
~ 
2095 
B10102 
R 
154 
Idb 
•• r_CDt,_avr_D" 
III 
2098 
0120 
155 
clr 
bx 
~ 
m 
5' 
209A 
C321000200 
156 
CLIIIWI: 
.t 
zero, 
fft_out(bx] 
; 
clear 
1ft _itude 
array 
"U 
I..• ::u 
209F 
65020020 
157 
add 
bx,t2 
I 
(oJ 
0 
2OA3 89400020 
158 
bX,164 
~ 
ClIp 
"'" 
01 50 
2OA7 DIFI 
159 
bIt 
CLIIIWI 
(It 
5' 
160 
CD 
20A9 
300004 
R 
161 
C_1oad: 
bbc 
fft 
__ 
,O,do_tob 
; 
Branch 
i I real 
data 
10 not 
•• ad 
0 
20AC 2819 
162 
CALL 
LOAD DATA 
0 
20AK 2002 
163 
br 
c_wiii 
~ 
164 
:r 
20BO 2821 
165 
do_tab: 
CALL 
TABLIl_LOAD 
c 
166 
<D 
2OB2 310002 
R 
167 
C_win: 
bbc 
fft_.cKIe,l.calc 
; Bnmch 
if wiDdowin, 
ia 
Dot 
U8ed 
.9: 
2085 
28CB 
168 
CALL 
DO_WIIIDOW 
169 
2OB7 110000 
1 
170 
CALC: 
CALL 
nT_CALC 
,- 
20BA 980001 
8 
171 
errtrp: 
capb 
error,sero 
2DBD 0718 
172 
Joe 
errtrp 
173 
20BF 
KOO205 
R 
174 
D.JIlZ 
BVr_CDt, 
LOAD_DATA 
; repeat 
for 
AVR_NlJlI 
counts 
175 


2OO21FOOOO 
1 
176 
CALL 
DBAIf_ClIIAPII 


177 
2OC5 27C8 
178 
BR 
NKW_TBAIlSlOIlII_SKT 


179 
.aJect 


270189-48 


IDH16 
MACIIOASS_LBR 


IRR LOC 
OBJECT 


20C7 


20C7 81060f 


ZOCA 
ZOCA 811000 
20CD 910100 
2000 
A1320060 


2084 
lroooo 
2007 
3fOOro 
r- 
200A 
iii" 
200A 812IlOO 
.. 
2000 
IroOoo 
5' 
2010 
ro 
CDi 
2011 
~ 
2011 
0120 
III 
2013 
Al02211C 
<fl 
5' 
2011 
A21022 
...• :0 
201A A2101l 
W 
0 
2010 
C321800022 
OJ 
c: 
2012 
C321COOOl1 
.. 
5' 
201'7 
6!502oo20 


CD 
20fB 
89400020 
0 
20rr 
0116 
0 
2101 
ro 
~ 
2102 
S·c 
CD 
2102 
fl'7ff1'7rrl'7rrl'7f 
.8: 
2112 
frrrrrrffl'7ffl'7f 
2122 
fl'7ff1'7ff1'7rrl'7f 
2132 
fl'7ff1'7ffl'7rrrrf 
2142 
01IlOO1IlOO1IlOO180 
2152 
01IlOO1IlOO1IlOO180 
2162 
01IlOO1IlOO1IlOO180 
2172 
01IlOO1IlOO1IlOO180 


LINK 
180 
181 
182 
183 
184 
185 
1 
186 
1 
187 
1 
188 
189 
1 
190 
1 
191 
192 
193 
1 
194 
1 
195 
196 
197 
198 
199 
200 
201 
202 
203 
204 
205 
206 
207 
208 
209 
210 
211 
212 
213 
214 
215 
216 
217 
218 
219 
220 
221 
222 


SIT 
A20: 
- 
1<11 
ori> 
Id 


CALL 
jb. 


O"""_load: 
Idb 
CALL 
HIT 


TABLE LOAD: 


- 
clr 
Id 
load: 
Id 
Id 
.t.t 
add 
cap 
bit 
HIT 


cont.rol_a2d.'COD_bO 
CODtrol 
lI2d,lOl 


8.-ple-»eriod, 
t50 


Set 
coDverter 
for 
butterO 
Coovert 
channel 
1 
100 
•••• 
_10 
period 


bx 
ax,'DATAO 
ex, [ax]+ 
dx, [oxl' 
cx.xreal[bx] 
dx,xi8oa[bx] 
bx.'2 
bx,t64 
LOAD 


OATAO: 
; SQUARI WAVI 


DeW 
32787, 
32767, 
32767, 
32767, 
32767, 
32767, 
32767, 
32767 
DeW 
32767, 
32767, 
32767, 
32767, 
32767, 
32767, 
32767, 
32767 
DeW 
32767, 
32767, 
32767, 
32767, 
32767, 
32767, 
32767, 
32767 
DeW 
32767, 
32767, 
32767, 
32767, 
32767, 
32767, 
32767, 
32767 
DeW 
-32767, 
-32767, 
-32767, 
-32767, 
-32767, 
-32767, 
-32767, 
-32767 
DeW 
-32767, 
-32767, 
-32767, 
-32767, 
-32767, 
-32767, 
-32767, 
-32767 
DeW 
-32767, 
-32767, 
-32767, 
-32767, 
-32767, 
-32767, 
-32767, 
-32767 
DeW 
-32767, 
-32767, 
-32767, 
-32?67. 
-32767, 
-32767, 
-32767, 
-32767 


$eject 


DR 
LOC 
OIJBCT 


2182 
2182 
0121: 


2184 
0121 
21116 
21116 A32DBI211C 
21. 
A32DC0212O 
2190 
n4r2ll1OOO1C24 


2197 
n4r2FC0002028 
2191 
000124 
2L\1 
000128 
21M 
C32ll1OOO26 
2U9 
C32fCOOO2A 
21M 
6I504OO2C 
2182 
_21 
2186 
89400021 
21BA D7CA 
211lC PO 


21811 


2181 
00004POO3B01C102 
21CI 
BFl26617711C0421 
21DI 
00404546'7C4C9352 
2111 
406D787136757D7B 
21... 
rr7l'107fC47R3I7D 
2201 
406D9968lII632B51 
2211 
OO4OJlA3983336C2D 
2221 
BFl287OlC9OA8lO7 
223&ססoo 


rP'l_MAIIl_APNOTI 


LID 
223 
224 
225 
226 
227 
228 
229 
230 
231 
232 
233 
234 
235 
235 
237 
238 
239 
240 
241 
242 
243 
244 
245 
245 
247 
248 
249 
250 
251 
252 
253 
254 


DO WINDOW: 
- 
clr 
c1r 


1d 
ax,banDinllWDdptr] 
Id 
bx,banDina+2(WDdptr] 
INl 
blpreal,8X._xreal[varptr] 


•• 1 
tllpiag,bx, 
xiag[vlU'Ptr] 
oh11 
tllpreal,'l 
oh11 
tllpiag,ll 


ot 
tllpreo1 
+2, xreel( 
vlU'Ptr 
J 


ot 
tllpiag+2,xiag(vlU'Ptr] 
add 
WDdptr;14 
add. 
varptr.'2 


ClIP 
varptr,t64 
Joe 
window 
BIT 


IIAIlHINll: 
i Windowint 
tuDction 


DCW 
0, 
79, 
315, 
705, 
1247, 
1935, 
2761, 
3719 
» 
DCW 
4799, 
5990, 
7281, 
11660, 
10114, 
11628, 
13187, 
14778 
"'U 
DCW 
16384, 
17989, 
19580, 
21139, 
22653, 
24107, 
25486, 
26777 
. 
DCW 
27968, 
29048, 
30006, 
30832, 
31520, 
32062, 
32452, 
32688 
N 
.....• 
DCW 
32767, 
32688, 
32452, 
32062, 
31520, 
30832, 
30006, 
29048 
C1I 
DCW 
27968, 
26777, 
25486, 
24107, 
22653, 
21139, 
19580, 
17989 
DCW 
16384, 
14778, 
13187, 
11628, 
10114, 
11660, 
7281. 
5990 
DCW 
4799, 
3719, 
2761, 
1935, 
1247, 
705, 
315, 
79 
DCW 
0 


teject 


270189-50 


3100 OOOOC241C3512148 
3flO 5IBlD81C434A3154 
3120 5BIAB5l88D3C245' 
3F30 65BOI90I5'II3'49 
3'40 
82Al1t'61176DF27636 
3Fl\O 65Al170ACI40A9419 
3F60 ABC54lWlB8I61SBD 
3"0 
5FD9Cl1A840A8D905 


'FT_MAIH_APIIOTI 


LIHI 
302 
303 
304 
305 
306 
307 
308 
309 
310 
311 
312 
313 


DClI 
0, 
16834, 
24259, 
18465, 
3182,-13029,-21886,-19557 
DClI 
-7842, 
7384, 
19011, 
21553, 
13425, 
-1958,-17103,-23821 
DClI 
-17829, 
-1819, 
15501, 
24356, 
19816, 
4710.-12341,-22232 
DClI 
-20379, 
-8519, 
7007, 
18751, 
21383, 
13558. 
-1067,-15888 
DClI 
-23166,-18442. 
-3475. 
13942, 
24059, 
20990. 
6442,-11290 
DClI 
-22427,-21392. 
-9500, 
_, 
18708, 
21475, 
13892, 
-454 
DClI 
-14933,-22456,-18712, 
-4840, 
12317, 
23391, 
21851, 
8225 
DClI 
-9889,-22328,-22451,-10791, 
5857, 
18749. 
21851. 
14281 


INPUT FILBS: 
: 12: P"IMAIIi. OBJ. 
: 12: tTTIlIlII.OBJ. 
: 12: PLOTSP.OBJ. 
: 12: A2DC01I.OBJ 
OUTPUT FILB: 
: 12: ,rroUT 
CONTJiOLS SPleI'IID 
III 
llIVOCATIOIi COIfWfl): 


IX 


INPUT IIlDULBS 
IHCLIlDID: 


: 12: P"IMAIII.OBJ('"_MAIII_APNOTB) 
02/18/86 


: 12: ffTIItJIl.OBJ(FFT_RUII) 
02/18/86 


: '2: 
PLOTSP. OBJ (PLOT SIRIAL) 
02/18/86 


: 12: A2DC01I.OBJ(A2D_BUFFBRIIIG_UTILITY) 
02/18/86 


TYPE 
BASR 
LBIIGTH 
ALIGNMBIIT 
fo«lDULBIIAMB 
--------- 


**RBSIRVBD. 
OOOOH 
OOlAK 
RIG 
OOlAH 
OOOlH 
BYTB 
PLOT_SIRIAL 
••• 
GAP ••• 
OOlBR 
0001H 
RIG 
OOlCH 
OOOBH 
ABSOLUTB 
1FT _MAIII_API«lTB 
OYRLY 
00248 
0035H 
ABSOLUTB 
," 
RUII 
**OVBHLAP*. 
OYRLY 
0024H 
00108 
ABSOLUTB 
PLOT_SIRIAL 
.*OVBRLAP.. 
OYRLY 
00248 
OOOCH 
ABSOLUTB 
'"_MAIII_APNOTB 
••• 
GAP ••• 
005911 
00018 
OYRLY 
005AH 
0006H 
IIOHD 
A2D_BUfFBRIIIG_UTILITY 
RIG 
0060R 
OOOCR 
MlRD 
A2D_BUfFBRIIIG_UTILITY 
RIG 
006CR 
0003H 
BYTB 
'"_MAIII_APNOTB 
••• 
GAP ••• 
006fR 
OOllH 
DATA 
00808 
00808 
ABSOLUTB 
FFT_MAIII_APNOTB 
STACB 
OlOOR 
00118 
MlIlD 
DATA 
01118 
00808 
MlRD 
'"_1lUII 
.**. 
GAP ••• 
Ol98R 
00628 
DATA 
02008 
0140R 
ABSOLUTB 
'"_MAIII_APNOTB 
••• 
GAP ••• 
03408 
10028 
CODI 
20028 
00028 
ABSOLUTB 
A2D_BUffBRIIIG_UTILITY 
••• 
GAP .** 
20048 
007CR 
CODI 
20808 
01COR 
ABSOLUTB 
F"_MAIII_APNOTB 
••• 
GAP .** 
22408 
00408 
CODI 
22808 
0215R 
ABSOLUTB 
'"_1lUII 
**. 
GAP ••• 
24958 
006BR 
CODI 
25008 
0168H 
ABSOLUTB 
PLOT_SBRIAL 
CODI 
2668H 
OOICH 
BYTB 
A2D_BUfFBRIIIG_UTILITY 
**. 
GAP ••• 
2754H 
10ACII 
COOl 
38008 
042AH 
ABSOLUTB 
'"_1lUII 
.** 
GAP ••• 
3C2AH 
OOD6B 
COOl 
30008 
0280R 
ABSOLUTB 
F"_MAIII_APNOTB 
*** GAP .*. 
3f808 
C080R 


inter 


Several constants are then setup for other routines. The 
purpose of centrally locating these constants was the 
ease of modifying the operation of the routines. Note 
that AVIL-NUM 
and SCALE_FACTOR 
must be 


changed at the same time. SCALE_FACTOR 
is the 


shift count used to divide each FFT output value before 
it is added to the output array. AVIL-NUM 
must be 


less than 2"SCALE_FACTOR 
or an overflow could 


occur. Next, the public variables are declared for the 
arrays and a few other parameters. 


The program then begins by setting the stack pointer 
and waiting for the SBE-96 to finish talking to the ter- 
minal. If this is not done, there may be serial port inter- 
rupts occurring for the first twenty five milliseconds of 
program operation. 


Initialization of the plotter is next, followed by setting 
the FFT_MODE 
byte. This byte controls the graph- 


ing, loading and magnitude calculation of the FFf 
data. Since FFT_MODE 
is declared PUBLIC in this 


module, and EXTERNAL 
in the PLOT module and 


FFTRUN 
module, the extra bits available in this byte 


can be used for future enhancements. 


The next step is to clear the FFT output array. Since 
the FFT program can be set to average its results by 
dividing the output before adding it to the magnitude 
array, the array must be cleared before beginning the 
program. 


Data is then loaded into into the FFT input array by 
the code at LOAD_DATA, 
or the code at TABLE_ 


LOAD, depending on the value of FFT _MODE 
bit O. 
The tabled data located at DATAOis a square wave of 
magnitude 1. This waveform provides a reasonable test 
of the FFT algorithm, as many harmonics are generat- 
ed. The results are also easy to check as the pattern 
contains half zeros, imaginary values which are always 
the same, and real values which decrease. Figure 13 
shows the output in fractions, hexadecimal and deci- 
mal. The hexadecimal and decimal values are based on 
an output of 16384 being equal to 1.00. 


The divide by 65536 is used for the dB scale to provide 
a reasonable range for calculations. If this was not 
done, a 32-bit LOG function would have been needed. 


After the data is loaded, the data is optionally win- 
dowed, based on FFT_MODE 
bit I, and the FFT pro- 


gram is called. Once the loop has been performed 
AVIL-CNT 
times, the graph is drawn by the plot rou- 


tine. 


Appended to the main routine is the FFTOUT.M96 
Listing. This is provided by the relocator and linker, 
RL96. With this listing and the main program, it is 
possible to determine which sections of code are at 
which addresses. 


Using the modular programming methods employed 
here, it is reasonably. easy to debug code. By emulating 
the program in a relatively high level language, each 
routine 
can be checked for functionality 
against a 


known standard. The closer the high level implementa- 
tion matches the ASM96 version, the more possible 
checkpoints there are between the two routines. 


Once all of the program routines (modules) can be 
shown to work individually, the main program should 
work unless there is unwanted interaction between the 
modules. These interactions can be checked by verify- 
ing the inputs and outputs of each module. The assem- 
bly language locations to perform the program breaks 
can be retrieved by absolutely locating the main mod- 
ule. The other modules can be dynamically located by 
RL96. 


The more interactive program modules are, the more 
difficult the program becomes to debug. This is espe- 
cially true when multiple interrupts are occurring, and 
several of the interrupt routines are themselves inter- 
ruptable. In these cases, it may be necessary to use de- 
bugging 
equipment 
with 
trace 
capability, 
like the 


VLSiCE-96. If this type of equipment is not available, 
then using I/O ports to indicate the entering and leav- 
ing of each routine may be useful. In this way it will be 
possible to watch the action of the program on an oscil- 
loscope or logic analyzer. There are several places with- 
in this code that I/O port toggling has been used as an 
aid to debugging the program. These lines of code are 
marked "FOR INDICATION 
ONLY." 


inter 


K 
Fractional 
dB 
Decimal 
Hexadecimal 


REAL 
IMAG 
MAG2 
REAL 
IMAG 
MAG2 
REAL 
IMAG 
MAG2 


0 
0.0000 
0.0000 
0.0000 
0.000 
0 
0 
0 
0 
0 
0 


1 
0.0625 
-1.2722 
1.2738 
38.225 
1024 
-20843 
20868 
400 
AE95 
5184 


2 
0.0000 
0.0000 
0.0000 
0.000 
0 
0 
0 
0 
0 
0 


3 
0.0625 
-0.4213 
0.4260 
28.710 
1024 
-6903 
6978 
400 
E509 
1842 
4 
0.0000 
0.0000 
0.0000 
0.000 
0 
0 
0 
0 
0 
0 


5 
0.0625 
-0.2495 
0.2572 
24.329 
1024 
-4088 
4214 
400 
F008 
1076 


6 
0.0000 
0.0000 
0.0000 
0.000 
0 
0 
0 
0 
0 
0 


7 
0.0625 
-0.1747 
0.1855 
21.491 
1024 
-2862 
3039 
400 
F4D2 
8DF 


8 
0.0000 
0.0000 
0.0000 
0.000 
0 
0 
0 
0 
0 
0 


9 
0.0625 
-0.1321 
0.1462 
19.421 
1024 
-2165 
2395 
400 
F788 
958 


10 
0.0000 
0.0000 
0.0000 
0.000 
0 
0 
0 
0 
0 
0 


11 
0.0625 
-0.1043 
0.1216 
17.820 
1024 
-1708 
1992 
400 
F954 
7C8 


12 
0.0000 
0.0000 
0.0000 
0.000 
0 
0 
0 
0 
0 
0 


13 
0.0625 
-0.0843 
0.1049 
16.540 
1024 
-1381 
1719 
400 
FA98 
687 


14 
0.0000 
0.0000 
0.0000 
0.000 
0 
0 
0 
0 
0 
0 


15 
0.0625 
-0.0690 
0.0931 
15.499 
1024 
-1130 
1525 
400 
F896 
5F5 


16 
0.0000 
0.0000 
0.0000 
0.000 
0 
0 
0 
0 
0 
0 


17 
0.0625 
-0.0566 
0.0844 
14.645 
1024 
-928 
1382 
400 
FC60 
566 


18 
0.0000 
0.0000 
0.0000 
0.000 
0 
0 
0 
0 
0 
0 


19 
0.0625 
-0.0464 
0.0778 
13.944 
1024 
-759 
1275 
400 
FD09 
4F8 


20 
0.0000 
0.0000 
0.0000 
0.000 
0 
0 
0 
0 
0 
0 


21 
0.0625 
-0.0375 
0.0729 
13.374 
1024 
-614 
1194 
400 
FD9A 
4AA 


22 
0.0000 
0.0000 
0.0000 
0.000 
0 
0 
0 
0 
0 
0 


23 
0.0625 
-0.0296 
0.0691 
12.918 
1024 
-484 
1133 
400 
FE1C 
46D 


24 
0.0000 
0.0000 
0.0000 
0.000 
0 
0 
0 
0 
0 
0 


25 
0.0625 
-0.0224 
0.0664 
12.564 
1024 
-366 
1088 
400 
FE92 
440 


26 
0.0000 
0.0000 
0.0000 
0.000 
0 
0 
0 
·0 
0 
0 


27 
0.0625 
-0.0157 
0.0644 
12.305 
1024 
-256 
1056 
400 
FFOO 
420 


28 
0.0000 
0.0000 
0.0000 
0.000 
0 
0 
0 
0 
0 
0 


29 
0.0625 
-0.0093 
0.0632 
12.135 
1024 
-152 
1035 
400 
FF68 
408 


30 
0.0000 
0.0000 
0.0000 
0.000 
0 
0 
0 
0 
0 
0 


31 
0.0625 
-0.0031 
0.0626 
12.051 
1024 
-50 
1025 
400 
FFCE 
401 


9.0 ANALOG 
TO DIGITAL 


CONVERTER 
MODULE 


can then be downloaded to another buffer, such as the 
input buffer to the FFT program. During downloading, 
this module can convert the data into signed or un- 
signed formats, and fill a linear or a paired array. A 
paired array is like the one used in the FFT transform 
program. It requires N data points placed alternately in 
two arrays, one starting at zero and the other at N/2. 


The module presented in Listing 4 is a general purpose 
one which converts analog values under interrupt con- 
trol and stores them in one of two buffers. These buffers 


SDIIS- 
III 
11:5-96 
IlACIIO ASS_LEB, 
Vi. 0 


SOUIICB rII.8: 
:r2:A2llCON.A96 
OB.1BCT rILE: 
: r2: A2DOON.OBJ 
CONTIIOLS SPIlCIrIm 
IN INVOCATION ClMlAliD: 
NOSB 


Thi. 
utility 
fill 
•• 
.-ory 
buffer 
with 
AID eonvenion 
rMulta. 
The 
cooveralona 
are 
done UDder interrupt 
CODtrol. 
and are 
initiated 
wbeo 
A2D Burr 
Utl1 
i. called. 
The reault. 
of the 
CODveniooe 
are placed 
in ;;ne ot two bullen, 
called. Burro 
aod BUFFI. 


fi18 
utility 
providee 
opH.,.,. 
for 
the Hlection 
of the buffer 
leqtba, 
data 
to,...t, 
8II1II>118period, 
CODveralOD 
cbaDnel 
and tiae 
bue. 
The utility 
alao 
baa a doDWloadroutlae 
that 
will 
load either 
buffer 
into. 
register 
file 
buffer. 
Output fo,...t. 
caD alao 
be chwen 
for 
the 
dowoloaded 
butter. 
The 
data 
can be forwatted 
•• 
eiped 
or 
UDIIi~ 
linear 
or parted 
arrays. 


Rather than uae the STACKto paq 
coatrola, 
thia 
utility 
,eta 
it. directiona 
Ire:. 
2 control 
warcla in ..-ory. 
The utility 
expect. 
that 
it. control 
warda 
are valid 
at 
the t~ 
A2D_Burr_Util 18 called 
_ 
•.••••in valid 
tbrouehout 
AID interrupt 
executiolW 
aDd dowDloedli. 
The CODtrol 
worcia 
are: 


CbaDDel_er 
SilJled _ult/UnailJled 
B•• ult. 
Convert/DOWDloadt 
aUfFl/Burrot 
for 
CODveraione 
Burro/Burrl. 
for 
cIowDloed. 
Linear/Paired' 
Converter 
BUSY/ID~ 


C 
III- 
3' 
G 
t- 
0 
00 
0 
er> :l 
< 
....• 
CD 
~ ~ 
~ 
CD.. 
::tI 
0S3' 
CD 
'§ 
3- 
s· 
t: 
CDS: 


11::8-96 _ 
ASSBleLBll 


IBIl 
LOC 
0II.1IlCT 


The fOU_D, 
18 a toble 
of 
_tea 
thet 
ceD be llIIeeI to 
at.pl1fy 
the 
bit 
diddliDf 
require.eota. 
If 
you are not 
rwmin, 
coDvenloD8 
CODCUrreDtly 
with 
_1_. 
al_ 
!.DBCoDtrol_A2D with 
the 
foUowiD( 
~ 
tbeD 
ORB Control_A2D 
with 
the 
channel 
nUilber 
you wtab 
to 
couvert 
it you 
are 
atartinl 
a CODveraloa. 


OIlce the 
utility 
18 caUed. 
cere 
•••• t be takeD 
_ 
CODtrol_A2d ia 
ltOdified. 
You can cauae 
dowDl0ad8 
to 
occur 
while 
converalona 
are 
nmnlD&'. 
but you camaot .tart 
conYer.tone 
durin. 
a download. 
To do thief 
ORBto 
the 
cODtrol 
byte 
with 
the 
appropriate 
bite 
aet. 
Do IIllT cbaD(e 
the 
Burr 
bit 
or 
the 
BUSYbit. 
JllIIt 
aet 
the 
_load 
bit 
aDd eat 
the 
data 
fo.-at 
bite 
to 
the 
correct val..••. 


The BUFFbit 
baa 
oppoaite 
defiDitiona 
for 
cODvenioM 
aDd _1_. 
Th18 
aUOWII cODvenioD8 
to 
be done 
into 
Burro 
while 
dowDloeda 
cc.e 
f~ 
BurrI, 
and 
vice 
veraa. 


:m-_bD_l_u 
equ 


:dllllP_bl_l_u 
equ 
:m-_bDJ_u 
equ 
:m-_bl_p_u 
equ 
:m-_bD_l_a 
equ 
:du8p_bl_l_a 
equ 
:m-_bDJ_a 
equ 
id~_bl"p_. 
equ 


OllOOOOOb: _load 
BUFFO •• 
LINBARUSIGNBDdata 
01000000b: 
BUrn · . 


00100000b: 
BUFFO · PAIRID 
00000000b: 
Bunl · 
OUOI000b: 
dOWllloed 
Burro 
•• 
LINBARSIGNBD data 
OlOOlOOOb: 
Burn · 
00101000b: 
BUFFO · PAIRID 
0000100Ob: 
Burn · 


r-!s- 
IC 
t 
00 
0 
0 
'?l 
::I< 
~ 
CD~ 
01 
CD.. 
::D 
0!i 
s- 


CD 
() 
0 
:;)g. 
c: 
CDB 


The hue 
addreaae. 
aDd leneth 
0'1 each 
converaioD 
buffer 
and the 
dMtiuatioD 
bufter 
are 
DICLARIDIXTRHal in this 
utility. 
Other 
opti0D8 
auch •• 
selection 
of 
the U..-er \18M •• 
a tiJlebaae, 
the 
le~b 
of the buffer, 
and the effective 
nWlber of bita 
1n the 
reported. 
reault 
are 
eet 
at 
aaeellbly 
tiae 
throueb uae 


of 
lQUateil in this .oouIe. 


The following 
par.-.etera 
need 
to be provided 
at 
••• ellbly 
or 
link 
tille. 
The buffer 
bu. 
are 
declared 
BllTIlIIal by tbia 
utility, 
wbile 
the 
buffer 
len(tb 
abift 
count 
and IISO ~ 
are 
BQUeted. 


Burro 
BASB 
Burrl-BASB 
DBSTjiUFF_BASB 


The atartiD( 
addreaa 
of 
Burro 
The atartiD( 
eddreaa 
of 
BUFFI 
The atartiD( 
addreaa 
of 
the 
dowDloed 


i target 
butter. 


Tbe n\llber 
of 
ti..e8 
that 
the 
coDvenlon 
reeult 
i. 
to 
be abifted 
right 
fr_ 
ita 
Datural 
left 
justified 
~ition. 
Settilll 
a .hift 
COUDtar_ter 
thaP 6 will 
reIIult 
in 
1000t bita 
to 
the 
ript. 
Rounding ia NJT 
daDe 
• 


Se.ples 
are atored 
as worcla in the buffere. 
The pro«r_ 
ator_ 
CODveraioDS 
linearly 
in Burro 
and BurrI, 
and lioearly 
or 
paired 
in 
the 
destination 
buffer 
•• 
selected. 
If 
the download i. to be paired, 
the 
tirat 
saple 
ie placed 
in location 
DIST_Bur'_BASB, 
tbe second 
.Bllple 
ia placed 
in 
locatiOD 
(DBST_BUFF_BASB+ BUFF_LBIlGTB),tbe 
tbird 
iD (DBST_BUFF_BASB+ 2), 
the 
fourtb 
iD (DBST_BurF_BASB+ 2 + Burr_LBNGTB), etc. 


.eject 


r- 
iii 
:::t~ 
co 
t.. 
0 
C 
0 
0 
~ 
~< 
..• 
CD 
~ ~ 
OJ 
lD.. 
:D 
0 
C:::t~ 
CD 
0 
03- 
:i" 
c: 
(J).E: 


When 
a utility 
call 
directs 
the initiation 
of • set 
of A2DCODveraiooa. 
the 
first 
coDveraioD i. be~ 
at 
epproxiately 
one 8Bple 
tiM 
plU8 &0 atate 
tiJlee 
fr_ 
when the utility 
waa called. 
Thi•••• 
_ 
that 
DO interrupt. 
are 
praeot. 


The CODvertliOD 
bU8y bit 
is 
set 
approxt.tely 
50 atate ti-=- 
after 
a call 
to tile utility, 
if 
tile coavert 
bit 
_ 
•••t 
iD tile A2D_Coatrol byte. 
TIle 
bu:y bit 
1. 
cleared 
after 
all 
CODvenloo •.•• ult. 
bave been stored 
in the 
•.•••ult 
buffer 
deei ••••ted 
(BUFro or BurrI). 


rllke creat 
care 
iD _ifyi", 
tile A2D_CODtrolbyte 
to do • _loed 
••••ile 
eoovenl00a 
are taklD1 pIece. 
You caD Dner 
download. 
buffer 
that 
ia 


j 
beina 
CODverted 
iato. 
The reeulta 
would 
be 
invalid . 
• eJect 


,... 
~:l 
Cl 
t.. 
ocoo:l 
9' ~ 
~i.. 
:Doc.. 
S- 
ID 
'§ 
3-:rc 
<D.s 
0009 
0003 
0004 
0005 


RSBO 


BXTIiIl BUFFO_BASB, 
Burrl_BASB, 
DBST_BUFF_BASB 
IITRM ad_~, 
ad_rMult_lo, 
ed_l"eeult_hi 


BXTRMb&o_~d. 
bao_tt.e,.p 


64 
I 
TIMBRI 


TIMBRI 
equ 
OAB 
T2CLI 
equ 
OCR 


MASK 
equ 
(lOh*CLOCII)AND( 4Oh) 


Stlll"t_A2D 
equ 
(OOOOllllb)OR(MASK) 
i.tart 
a2d bued 
on tiaer 
1, 
DO 
interrupt 


IISO_O_Low 
equ 
(OOOOOOOOb)OR(MASK) 
i aake 
!Iao.O low baaed on tiaerl 
DO interrupt 


IISO_0 _Hi-'> 
equ 
(OOIOOOOOb)OR(MASK) 
i aake 
1180.0 hi 
bued 
on tiller 1 no interrupt 


ecludt-a: 
DSW 


..mct-a: 
DSW 
aductetlpl: 
DSW 
top 
of 
buffer: 
DSW 
o."ple=COUDt: 
DSB 


1: t-.p 
reliatera 
for cODvenioD 
caU • 
1 
1 
1 


DSB 
1; the byte that control. 
the utility 
execution 
DFo... 
equ 
3 
SiBDad/UnoiBD_ 
COD_Ownequ 
4 
; CODvert/Downloadt 
BO_81 
equ 
5 
; Buffl/Buf~ 
for 
cooveroiollll 


; 
BuffO/Bufflt 
for 
dooml08da 
LiD_Pili" 
aqu 
6 
; 
Lin8lU"/Pairedt 
Buoy 
equ 
10000000B 
; 
Bit 
8 


ססoo 


Cססoo 
IIIססoo 
.. 
0002 
s- 
0004 
C 
t 
2002 
)0-.. 
0 
0 
2002 
ACOO 
0 
0 
q> 
:Jססoo 
< 
....•. 
CD 
.j>. 
:1 
(X) 
CD..• 
~0c:.. 
S- 
eD 
0 
0~ 
S" 
c: 
(1)So 


.re_ptr: 
DSW 
1; .c.e overlayable 
tl!llP re.i.tera 
teIIP 
eet 
.rc_ptr:WORD 
deoot..ptr: 
DSW 
1 
loop_coUDt: 
DSW 
1 


PUBLIC 
A2D_DOIlB_Vector 


DClI 
A2D_DOIlB_Vector 


II:S-96 
IIACIIOASS_LEII 


1l1li 
LOC OIIJICT 


ססoo 


0000 
3C0962 
0003 
0003 
AloooOOO 
0007 
350904 


oooA 
r- 
oooA Al000000 
~ 
S- 
0001 
IQ 
0001 
Al000002 
I 


0012814004 
0015 
3I091D 
.• 
0 
0018 
180104 
C 
0 
00lB 
0 
00lB 
A20000 
<p 
::2 
OOlB C20200 
< 
0021 
66400002 
...•. 
CD 
.;. 
::s. 


<0 
CD 
0025 
A20000 
.. 
0028 C20200 
:D 
0028 
69400002 
0So 
002f 
800419 
S- 


CD 
0032 
280D 
a 
0034 
ro 
0, 
~5' 
0035 
c: 
0035 
A20000 
(1) 
0038 
C20200 
S 
003B 8004f7 


0031 
21101 
0040 
ro 


JBS 
CODtrol_A2D, 
COD_DwD,Convert 
; Select 
convert 
or download 
D_loed: 


LD 
arcJtr,ftUfTl_BASI 


.J8C 
Control_A2D, 
80_81, 
Set_D.t._ro~t 


Set 
Data ro~t: 
; Chooee 
1inear 
or paired 
- 
to 
deet_ptr. 
'DIST_Burf_BASI 
LDB 
loop_co1Dlt,.Bur'_LINGTII 
JlS 
CODtrol_A2D, 
LiD_Par, 
Linear_date_loop 


Paired_Data_loop: 


to 
adudt-eJ. 
rarc_ptr]+ 
ST 
adudt...,o. 
(deet J>tr J 
ADD 
deet_ptr.tBurr_LlNGTB 


adudt...,o. 
[arcJ>trJ+ 
adudt...,o. 
(claat _ptr 
J + 
deet_ptr 
.'BUFr_LlHGTB 


LiDear 
Data 
loop: 
- 
to 
- 
adudt-eJ. 
(arcJ>trJ+ 
ST 
adudt...,o. 
(deetJ>trJ+ 


_a 


11:5-96 
IIACIIOASS_LlR 
oI2D _lurrBIIIIIIUITILITY 
02/18/86 
PAIlll 
8 
I 
It 


IRR LOC 
OBJICT 
LIllI 
SOUllCB ST&TDmII'I' 
251 
0041 
252 
CODvert_Data: 
; Couvert 
the 
data 
in 
the 
•••• tinatioo 
buffer 
253 
0041 
Al4OOOO4 
8 
254 
LO 
loop_count 
•• lurr_LIIlllTII 
0045 
&1000ooo 
1 
255 
LO 
arcJ>tr 
.~I8T_lorr 
_IASI 
256 
0049 
&2סס oo 
8 
257 
Alain: 
LO 
adudt-'J. 
[arc..J>tr! 
004C 71COOO 
R 
258 
AIIOI 
adudteoopO •• 11000000b 
004r 
330909 
R 
259 
JIlC 
CODtrol_A2D. 
Drorw. 
Uoai&Ded_&e.ult 
r- 
260 
•• 
00!52 
261 
SilDtld_Reault: 
.. 
0052 
69B07fOO 
8 
262 
SUB 
adudt-'J.nfeOH 
5" 
00!56 0&0100 
8 
263 
SHRA 
adudt-'J. 
~ift_Count 
10 
00592003 
264 
18 
Ilepl __ 
~le 
t 


265 
0051 
266 
UnailDtld_Reault 
: 
0051080100 
R 
267 
SHR 
adudt-'J. 
§hift_Count 
.. 
268 
0 
0051 
269 
Ilepl"""_S_le: 
0 
0058 
C20000 
8 
270 
ST 
adudteoopO. [arc..J>trl+ 
0 
0061 
100415 
R 
271 
DJII2 
loop _COUIlt •.••• 
in 
; Loop until 
done 
0 
272 
~ 
t?' 
:J 
0064 
ro 
273 
HIT 
< 
"V 
..•. 
It 
274 
• 
01 
~ 
275 
~~t, 
~ 
0 
...• 
It 
0065 
276 
Couvert: 
j; 
Prepare 
to 
Start 
Couvereiooa 
(II 
..• 
277 
:Jl 
0065 
r2 
278 
PUSHr 
0 
279 
c:.. 
0066 
918009 
R 
280 
ORB 
Control_A2D. 
'8u.,. 
; aet 
converter 
busy bit 
5" 
281 
It 
0069 
1l3rD8 
R 
282 
LOI 
a_le_count 
•• Burr_LIIlllTII 
- 
1 
0 
006C &1000006 
1 
2H3 
LO 
top_of 
_buffer. 
nurro 
_BASI 
0 
0070 
&1800004 
1 
284 
LO 
acluct_l 
•• (lurro_BASI 
+ 2•• urr_LIIlllTH) 
a 
285 
:i" 
0074 
350908 
8 
2lI6 
JllC 
Control_A2D, 
80_81, 
Start_COIIIveraiona 
C 
0077 
&1000006 
1 
287 
LO 
top_of _butter. 
'Bun'l_BASI 
CD 
007R &1800004 
1 
288 
LO 
acIuct_l 
•• (lurrl_IASI 
+ 2*lurr_LIIlllTII) 
C.~ 
289 
.eJect 
270189-61 


OO1r 


oo7r 
&1070900 


0083 
440<\0<\02 


r-! 
008D 
OCOO 
R 
:; 
IQ.. 
L 
oo915 81020200 
R 
0' 
0099 
640A02 
R 
C0 
0 
~ 
;:,< 
ooAZ C800 
R 
~ 
CD 
(}l 
..•- 
~ 
CD..• 
~ 
OOM r3 
0 
ooAB ro 
C-:; 
CD 
0 
0::l 
d: 
::l 
C 
CD.B 


;.tart 
tfrat 
converaioa 


teme ~le 
ti,_ 
fra 
;- 


,et • copy of the _ 


Ht "'0.0 hip at _ntiea 
atart tt.e for exteraal SIB 


Load_IISO_C-.I 
IISO_O_l_ 


POI'r 
DT 


r- 
~s- 
ICI.• 
0c0 
0 
cr> 
~< 
-'- 
ID 
01 
~ 
N 
ID.. 
::D0c.• 
s- 
ID 
0 
0a 
:5"c 
CD.9: 


OOADC60600 
OODOC60600 
OOB3 51070900 


OOBC880406 
OOB' 01'26 
DOCl F3 
00C2 ro 


OOC3 
00C3 640A02 
OOC6880406 


OOC'30080B 


0002 
0002 
ro 


0009 
OFOC 
OOOBF3 
OODCro 


0083 
Oro2 
001li 
F3 
0086 
ro 


0017 
0017 
7l7lD9 
OOHAF3 
OOIB ro 
OOIC 


ad_reooult_lo, 
[top_of_buffer]+ 


ad_relIult_bi. 
(top_of_buffer]+ 


ad_ c-.I, 
Control_A2D. 
fOOOOOlllb 


CMP 
top_of_buffer.aducte.pl 
II 
Top_ot_bufters 
POP, 
HIT 


S_le_Atain: 


ADO 
aduct-eJ.S_le_Period 
ClIP 
top_of_buffer,aduct_l 
Set 
DeXt 
•• 
,ae 
tWe 
Check 
top 
of 
buffer 
for later 
j.-p 
Lo_UISO_C_ 
Start_A2D 


JBC 
__ 
le_COUDt,O,Make_85O_Hillb 


Make_85O_l"": 


nop 
Load_85O_C_ 
85O_O_Low 


BI 
Top_of_buffe 
•.• 
POPF 
RBT 


II 
Top_of_buffers 
POP, 
RBT 


Top_of_buffe 
•.• : 


ANDB 
Control_A20,'NOT(Buay) 
POPF 
HIT 


inter 


The listing contains a fairly complete description of 
what the program does. The block by block operations 
are shown below: 


Lines 1-198describe the program, declare the variables 
and set up equates. Several of these variables are de- 
clared as overlayable, so the user needs to be careful if 
using this module for other than the FFf program. 


Lines 205-210declare a macro which is usedto load the 
HSO unit. This will be used repeatedly through the 
code. 


Lines 212-253 determine whether a conversion or 
download has been requested. If a download has been 
requested, the data is downloaded to the destination 
array as either paired or linear data. Paired data has 
been described earlier. 


Lines 255-278contain a subroutine which converts the 
destination array to either signed or unsigned numbers. 
The numbers are also shifted right to provide the de- 
sired 
full-scale value as 
requested 
by 
SHIFf_ 


COUNT. 


Lines 279-334 initialize the conversion routine. HSO.O 
is toggled with the start of each routine so that an ex- 
ternal sample and hold can be used. The instructions in 
lines 308, 316, and 326 have been interweaved with the 
Load_HSO_Commands 
to provide the required 8 


state delays between HSO loadings. If this was not 
done, NOPs would have been needed. It is easier to 
understand the code if these lines are thought of as 
being gathered at line 326. 


Lines 337-353 are the actual AID interrupt routine. 
The AID results are placed BYTE by BYTE on the 
buffer, the AID is reloaded, and then the number of 
samples taken is compared to the number needed. Note 
that the AID command register needs to be reloaded 
even if the channel does not change. INCB on line 348 
is used to insure that the DJNZ falls through on the 
next pass (if sample_count is not reset). 


Lines 355-396complete the routine. The HSO is set up 
to trigger the next conversion and provide the HSO.O 
toggle for an external sample and hold. Once again, the 
time between consecutive loads of the HSO is 8 states 
minimum. Note that this section of code has been opti- 
mized for speed by reducing branches to an absolute 
minimum and duplicating code where needed. 


This concludes the description of the A to D buffer 
module. In the FFf program, this module is run, then 
the FFf transform module, then the plot module. This 
allows variables to be overlaid, saving RAM space. The 
time cost for this is not bad, considering the printer is 
the limiting factor in these conversions. If more RAM 


was provided, and the FFf 
was run with its data in 


external RAM, this module could be run simultaneous- 
ly with the other modules. 


The plot module is relatively straight-forward, and is 
shown in Listing 5. After the declarations, which in- 
clude overlayable registers, an initialization routine is 
listed. This separately called routine sets up the serial 
port on the 8096to talk to the printer. In this case, the 
port has to be set for 300 baud. 


A console out routine follows.This routine can also be 
called by any program, but it is used only by the plot 
routine in this example. The write to port 1 is used to 
trace the program flow. The character to be output is 
passed to this routine on the stack. This conforms to 
PLM-96 requirements. 


Since all stack operations on the 8096 are 16-bitswide, 
a multiple character feature has been added to the con- 
sole out routine. If the high byte it receivesis non-zero, 
the ASCII character in that byte is printed after the 
character in the low byte. If the high byte has a value 
between 128 and 255, the character in the low byte is 
repeated the number of times indicated by the least sig- 
nificant 7 bits of the high byte. 


The print decimal number routine is next. It is called 
with two words on the stack. The first word is the un- 
signed value to be printed. The second byte contains 
information on the number of places to be printed and 
zero and blank suppression. This routine is not over- 
flow-proof. The user must declare a sufficient number 
of places to be printed for all possible numbers. 


The DRAW_GRAPH 
routine provides the plot. It 


first sends a series of carriage return, 
line feeds 


(CRLFs) to clear the printer and provides a margin on 
the paper. Each row is started with the row number, 2 
spaces, and a "+". Asterisks are then plotted until 


Recall that PLOT_RES 
is a variable set by the main 


program. When the number of asterisks hits the desired 
value, the value of the line is printed. If the Decibel 
mode is selected, the line value is divided by 512 and 
printed in integer + decimal part form, followed by 
"dB". If the number of asterisks reaches PLOT_ 
MAX, no value is printed. The next line is then started. 
A line with only a "'" is printed before the next plot 
line to provide a more aesthetic display on the printer. 
If a CRT was used, this extra line would probably not 
be wanted. 


'SIRIIS-III 
II:S-96 
MACROASS_LlR, 
V1.0 


SO\lRC1FILl: 
: 1'2:PLOTSP.A96 
OBJICT FILl: 
:1'2:PLOTSP.08J 
CONTROLSSPlCIrIID 
IN INVOCATIONCOMIAIIIl:IlOSB 


r- 
iii- 
S- 
O 


f1l I 
...•. ~ 
U1 
CD 
~ 
"0 
0"-~ 
0Q.ססoo 
cii' 


ססoo 


0024 
0024 
0028 
oo2C 
0021 
0030 
0032 


ססoo 


SOOIICISTA~NT 
••••• eleDatb(SO) 


PIm_SIlRlAL 
I«lDULI STACDIZB (6) 


Intel 
CorporatiOD, 
Decellber 
12, 
1985 
by Ira 
Borden, 
flIX) Applicatiooa 


Tbl. 
procr- 
producee 
a plot 
OD aerially 
cODDeCted printer. 
The 
_ioitude 
of 
each 
of 
tbe 
32 ioput 
vol ••• 
ia 
plotted 
borizootally, 
witb 
ODe 
"!" followed. 
by a linef'eed 
between eec:b plot 
line. 
Bach plot 
line 
atart. 
with. 
"+" and the entire 
plot 
be,ioa 
with 3 line 
feeda and eoda with a tOnl 
feed. 
TIle vol_ 
to 
be plotted 
ore 
32 UIlIlillled 
_rda 
booed 
at 
tbe 
extemolly 
dofioed 
poiotor 
PIm_IN. 


Tho routioe 
INIT_OUTPUT•••• t be ruo 
to 
oet 
up tho 
oeriel 
port 
wboo tbe 
.~t_ia 
turned 
on. 
CON_OUTcan be uaed by • proen- 
to 
output 
to 
the 
aerial 
port. 
DRAWJJRAPHi. the 
routine 
that 
8uta.atically 
plot. 
the 
data. 


Sizio, 
of 
tbe 
(rOpb 
cao be dooe uoio, 
PIm 
RBS, which 
dot_ioeo 
bow _y 
unit. 
are 
needed 
for 
each 
dot, 
and PLOT_MAX,which 
ia 
the 
aax~ 
value 
the 
pro(r_ 
will 
be pa•• ed. 
Note 
tbot 
(PIm_MAX/PIm_RIlS) 
dofioeo 
tbe 
_i_ 
n~er 
of col-..oa 
the routioe 
will 
print. 


IXTRN 
IXTRN 
oPtlll>: 


loel, 
baud_rea, 
apeon, 
apatat, 
abut, 
port! 
zero, 
ax, 
bx, 
cx, 
dx, 
'"_M>DB 
dob 
1 


OSIC at 24& 
value: 
divbor: 
xptr: 
yptr: 
xvol: 
lo,_val: 


roo 
it.. 
s-aI 
':7 
CD 
q> 
."0' 
...• .. 
(]l ~ 
(]l 
0 
CLcit 
0 
0 
::3 
do 
::3c: 
(!).B 


2500 
812000 


0210 


0082 
OO8r 


2503116fOO 
2506 
118200 


2509 
114900 
250C 112000 


250r 
PO 


PLOT_SDIAL 


LI. 
42 
43 
44 
415 
46 
41 
48 
49 
50 
51 
52 
53 
54 
55 
56 
51 
lIS 
59 
60 
61 
62 
63 
64 
65 


SOllIlCI BTA-..T 


CSIG at 2500B 


'I:lH16 
MACJIOASSBMBL/lR 
PLOT_SHRUL 
02/18/86 
PAGS 
4 


HRR toe 
OIJICT 
LINI 
SOUIICBSTATDC/IT 


107 
: 
108 
: 
PRINT 
OBCIMAL lI1NIlR 
IlOUTIJIB 


109 
110 
; 
C.ll 
with 
two wordB 011 .t_. 
The tint 
ia 
the value 
to be priDted. 
III 
; 
The .BCODd ___ 
iofo.-11011 
io 
t'" 
1_ 
byte. 


112 
: 
MOOH: 
000 :; .up~ 
all 
zera. 
113 
: 
001 = priot 
.11 
o••••• re 
114 
; 
-- 
010 = .up •.••••• 
11 seroe 
except 
ri",_t 
115 
: 
lxx 
= do DOt priDt 
l_i 
••• bl_ 


116 
: 


117 
; 
!be 
hi'" 
byte 
of 
the 
2Dd word = 2x t ••• o••••• r 
of 
pl~ 
to 
••• priDted 
118 
C 
119 
III 
2l54C 
120 
PRINT__ 
: 
: SeDd Dect.el 
o-.r 
to 
CON_OUT 
.. 
2l54C CCOO 
H 
121 
pop 
ex 
5" 
254Il CCOO 
H 
122 
pop 
bx 
: bx 
i. 
-.. 
byte, 
b...-l 
ie 
di"aor 
poioter 
CO 
2550 
ACOl00 
H 
123 
IdbE8 
dx,bx+l 
I 


2553 
A300962528 
H 
124 
Id 
divieor, 
divteb 
[dx] 
2558 
CC24 
125 
pop 
value 
::r 
255A 
126 
diY_loop: 


CD 
255A 0126 
127 
c:lr 
v.lue+2 
" 


255C 8C2824 
128 
divu 
value, di vi.or 
; divide 
ex,dx 
by divieor 
cp 
~ 
255r 
380017 
H 
129 
Jb. 
bx,O.chr_ok 
i print 
character 
retardl._ 
of value 
...•. 
2562 
980024 
I 
130 
aIII'b 
value, zero 
(]I i: 
2565 
010r 
131 
Joe 
nOD_O 
j 
JUI$ it value 
1. 
DOD zero 
--.I 
0 
2567 
132 
V.l_0: 
i Value ia 
zero 
Q, 
2567 
310003 
I 
133 
Jbc: 
bx I 1. prutap 
i Print 
apace 
i_tead. 
of 0 
c: 
256A 38280C 
134 
Jb. 
diviaor,O,chr_ok 
: 
If 
io 
ri",_t 
_i11011 
priot 
0 
ii' 
2560 
3AOO15 
I 
135 
protBp: 
Jb. 
bx,2,COIlt 
i Do not print 
apace if bit 
ia 
eet 
0 
2570 
AUOOO24 
136 
Id 
value,tOroB 
; 
OFOh+3Oh = 20R = .pec:e 
0 
2574 
2003 
137 
br 
c:hr_ok 
:l 
138 
S· 
2576910100 
I 
139 
DOD 
0: 
orb 
bx,IOOOIB 
; Set 11.., ao 0'. 
will 
be printed 
C 
2579 
65300024 
140 
c:hr=ok: 
.dd 
".lue,I30h 
; 30h + D :; 0 to 9 ..ell 
(l) 
2570 
617FOO24 
141 
eDd 
value, t71b 
; .end 
leaat 
81, 
MveD bit., 
clear 
upper word. 
S, 
2581 
C824 
142 
pueh 
value 
2583 
2r8B 
143 
call 
COIl out 
: output 
uc:11 
•.•••ult 
( •.•••ult<9) 
2585 
A02624 
144 
coot: 
Id 
value. 
value+2 
i load value 
with 
re.aiDder 
2588 
01ZA 
145 
c:lr 
divi.or+2 
258A 8OOAOO28 
146 
divu 
di vi.or. 
'10 
i Dut 
lower power of 
tea 


2588 
880028 
H 
147 
c.p 
di vi.or, 
zero 
2591 
0707 
148 
Joe 
div_loop 
2583 
149 
diY_done: 
2593 
Baoo 
B 
150 
br 
[ex] 
151 
2596 
152 
OIVTAR: 
*-ber 
of places 
for 
rMult 
2596 
00000lOOOA006400 
153 
dew 
0, 
1, 
10, 
100. 
1000, 
1ססoo 
i clivi.or 
table 
- 
10•••• 
270169-67 


_. 


6 
I 
Il 
I«:S-96 
MACIIllASSIMBLBR 
PLOT_SHRIAL 
02/18/96 
PAGI 


IRR LOC 
0BnCT 
LIN! 
SOUIlCI STATIMIIlT 
198 
25RC 
199 
PRT_Il1Il: 


25RC 89000021 
I 
200 
""" 
yptr,IPLOT_BS_2 
; 11 value 
U 
Ie.. 
theII _iDt.a 
needed 
25ro 
Or49 
201 
be 
NrrLII 
; for a plot. 
do DOt priDt 
value 


202 
25F2 
092020 
203 
puob 
n020H 
; print 
2 .~ 
then 
value 
25F5 
2rl9 
204 
call 
COD 
out 


25f'7 
310008 
1 
205 
J8S 
FrT)110I,3,cI> 
__ 


206 
25rA 
207 
Dora_JIOde: 


25rA 
CB2D0000 
1 
208 
puob 
PLOT_IN(xptr] 
25,. 
C9OO0A 
209 
puob 
'(OAOOH orסס OO8) 
i aupnwa all seroe 
r- 
2601 
2r49 
210 
call 
PRINT Il1Il 
! 
2603 
2036 
211 
8R 
NlTLN- 
212 
5" 
2605 
213 
db_"""." 
lQ 
2605 
A32DOOOO21 
1 
214 
1d 
yptr 
,p1ot_ln[xptr] 
; PLOT_IN: 
512*l0*LOG(x) 
I 


260A 080121 
215 
.br 
yptr,'l 
; 
yptr-265 
* 10LOG(x) 
2600 
AC2FOO 
1 
216 
Idlu:e 
8X.yptrtl 
; ox: 
10LOG(x) 
: 
yptr/256 
217 
:r 
2510 
C800 
1 
218 
pun 
ox 
i PriDt 
AI 
CD 
'U 
2612 
C9020A 
219 
puab 
'(OAOOH or 
00108) 
i ."PrelS 
all 
but riCht8cMt 
zero 
~ 
If> 
0' 
2615 
2r36 
220 
call 
PRINT_1l1Il 
"U 
2617 
C92BOO 
221 
puab 
.2BR 
i Dec~ 
point 
. 
...•. - 
N 
01 
3: 
261A 2Ir4 
222 
call 
COD out 
.....• 
<0 
223 
- 
0 
U'I 
a. 
261C 
802101 
1 
224 
1db 
ax+l,yptr 
; hip 
byte ot ex = tractional 
portioo 
01 
C 
26lr 
1100 
1 
225 
c1rb 
ox 
; 
10LOG(x) 
it 
226 
'0 
2621 
60160300 
1 
227 
•• lu 
ax,'3168 
; 
If 
ox:FFOOH tben 
",,+2 
n_ 
: 
998 
dec~l 
0 
2625 
370102 
1 
228 
Jbc 
1IX+1,7.Do_md 
3- 
2628 
0700 
I 
229 
Inc 
dx 
; rouod 
value 
up 
:r 
230 
c 
262A ceoo 
1 
231 
no_rod: 
p\wh 
dx 
; dx:lIX+2 
(IJ 
262C C90106 
232 
_b 
'(600H 
or 
00018) 
j priDt aU a"era 
to three plae- 
.9: 
262r 
2rl8 
233 
call 
Print_D" 
2631 
C92000 
234 
_b 
.20H 
i apace 
2634 
2HDA 
235 
call 
COD_out 
2636 
C96442 
236 
puob 
H264H 
; "dB" 
2639 
2HD5 
237 
call 
COD_out 
238 
239 
$eJect 
270189-69 


11:8--96 
IUCJlO 
ASS_U11 
PLOT_SERIAL 


IRR toe 
OIIJICT 
LIB 
SOI1IlCI STATDmIT 
240 
241 
26:lI 
C9000A 
242 
IlJTLlI: 
pwIb 
IOAOOH 
263B 
2HOO 
243 
call 
CON OUT 
2640 
C90000 
244 
pwIb 
lOOK 
2643 
2BCI 
245 
call 
CON OUT 
2645 
C92086 
245 
pwIb 
4I862oH 
2648 
2IIC6 
247 
call 
CON OUT 


264A 
C92100 
248 
p••b 
121K 
26402BCl 
249 
call 
COD_out 
250 
264r 
0730 
251 
iDe 
xval 
r- 
2651 
6502OO2C 
252 
acid 
xptr.12 
iii 
2655 
89310020 
253 
c.p 
xptr.t62 
- 
2659 
02022758 
254 
b1e 
DXt_roM 
5" 
255 
lD 
2650 
C9000A 
256 
Doae: 
_b 
IOAOOH 
I 


2660 
:!lAB 
257 
call 
CON_OUT 
2662 
C9000C 
258 
_b 
IOCOOH 
25615 2IA9 
259 
call 
COD_out 
:r 
260 
CD 
2667 
ro 
261 
HIT 
'V 
ep 
0' 
2668 
262 
IND 
~ - 
0> ~ 
ASS_LT 
ClN'LITID. 
110 IIIIlOR (S ) 
1'OUIOl. 
0 
0 
Q. 
Cii' 
0 
03-:rc 
CD 
.B 


"",,l. 
UI'-' 
,",UU 
VI 
LUf;;piUL, a iUilli 
lCCU 
1~ given 
l.U 
:)Cl. 
Lfie 


printer up for the next graph. Our printer would fre- 
quently miss the character after a CRLF. To solve this 
problem, a null (ASCII 0) is sent after every CRLF to 
make sure the printer is ready for the next line. This 
has been found to be a problem with many devices run- 
ning at close to their maximum capacity, and the nulls 
work well to solve it. 


With the plot completed, the program begins to run 
again by taking another set of A to D samples. 


The program can be used with either real or tabled 
data. If real data is used, the signal is applied to analog 
channel 1. The program as written performs AID sam- 
ples at 100 microsecond intervals, collecting the 64 
samples in 6.4 milliseconds. This sets the sampling win- 
dow frequency at 156 Hz. If tabled data is used, 64 
words of data should be placed in the location pointed 
to by DATAO in the TABLE_LOAD 
routine of the 
Main Module. 


Program control is specified by FFT_MODE 
which is 


loaded in the main module. Also within the main mod- 
ule are settings which control the A to D buffer routine 
and the Plot routine. The intention was to have only 
one module to change and recompile to vary parame- 
ters in the entire program. 


ine program moaUJesare set up to run one-at-a-tlme so 
that the code would be easy to understand. Additional- 
ly, the Plot routine takes so long relative to the other 
sections, that it doesn't pay to try to overlap code sec- 
tions. If this code were to be converted to run a process 
instead of print a graph, it might be worthwhile to run 
the FFT and the AID routines at the same time. 


If the goal of a modified program is to have the highest 
frequency sampling possible, it might be desirable to 
streamline the AID section and run it without inter- 
ruption. When the A to D routine was complete the 
FFT routine could be started. The reasoning behind 
this is that at the fastest AID speeds the processor will 
be almost completely tied up processing the AID infor- 
mation and storing it away. Using an interrupt based 
AID routine would slow things down. 


A set of programs which will perform a FFT has been 
presented in this application note. These programs are 
available from the INSITE users library as program 
CA-26. More importantly, dozens of programing exam- 
ples have been made available, making it easier to get 
started with the 8096. Examples of how to use the hard- 
ware on the 8096 have already appeared in AP-248, 
"Using The 8096". These two applications notes form a 
good base for the understanding of MCS-96 microcon- 
troller based design. 


inter 


Matrices are a convenient way to express groups of 
equations. 
Consider 
the 
complex 
discrete 
Fourier 


Transform in equation 9, with N = 4. 
3 


Yn =I X(k) wnk 
n = 0, 1, 2, 3 


k=O 
This can be expanded to 


Y(O) = X(O) wo + X(1) WO + X(2) WO + X(3) WO 
Y(1) = X(O) Wo + X(1) W1 + X(2) W2 + X(3) W3 
Y(2) = X(O) Wo + X(1) W2 + X(2) W4 + X(3) W6 
Y(3) = X(O) Wo + X(1) W3 + X(2) W6 + X(3) W9 


[ 


Y(O)] 
[WO 
Wo 
wo 
WO 
Y(1) 
_ 
WO W1 
W2 
W3 


Y(2) 
- 
WO W2 
W4 
W6 


Y(3) 
WO W3 
W6 
W9 
] 
[ 


X(O) 
] 
X(1) 
X(2) 
X(3) 


The first step to simplifying this is to reduce the center 
matrix. Recalling that 


The matrix can be reduced to have less non-trivial mul- 
tiplications. 
Ul~!] [j 


1 
1 
W1 
W2 
W2 
WO 
W3 
W2 
] 
[ 


X(O) 
] 
X(1) 
X(2) 
X(3) 


[ 


Y(O) ] 
[ 
1 WO 0 
0 
] [ 
1 0 WO 0 
] [ X(O) ] 
Y(2) 
_ 
1 W2 0 
0 
0 1 
0 
WO 
X(1) 


Y(1) 
- 
0 
0 
1 W1 
1 0 W2 
0 
X(2) 


Y(3) 
0 
0 
1 W3 
0 1 
0 
W2 
X(3) 


For this equation to work, the Y(l) and Y(2) terms 
need to be swapped, as shown above. This procedure is 
a Bit Reversal, as described in the text. 


X(O) + X(2) WO 
X(1) + X(3) WO 
X(O) + X(2) W3 
X(1) + X(3) W2 


requiring 4 complex multiplications 


& 4 complex additions 


Noting that we = - W2, 2 of the complex multiplica- 
tions can be eliminated, with the following results 


X(O) + X(2) WO 
X(1) + X(3) WO 
X(O) - 
X(2) WO 
X(1) - 
X(3) WO 


requiring 2 complex multiplications 


and 4 complex additions 


Since Wi = - W3, a similar result occurs when this 
vector is multiplied by the remaining square matrix. 
The resulting equations are: 


Y(O) = (X(O) + X(2) WO) + WO (X(O) + X(3) WO) 
Y(2) = (X(O) + X(2) WO) 
- 
WO (X(1) + X(3) WO) 


Y(1) = (X(O) - 
X(2) WO) + W1 (X(1) - 
X(3) WO) 


Y(3) = (X(O) - 
X(2) WO) - 
W1 (X(1) - 
X(3) WO) 


The number of complex multiplications required is 4, as 
compared with 16 for the unfactored matrix. 


N· 
EXPONENT 
2 
complex multiplications 


The following plots are examples of output from the 
FFT program. These plots were generated using tabled 
data, but very similar plots have also been made using 
the analog input module. Typically, a plot made using 
the analog input module will not show quite as much 
power at each frequency and will show a positive value 
for the DC component. This is because it is difficult to 
get exactly a full-scale analog input with no DC offset. 
Plot I is a Magnitude plot of a square wave of period 


NT. 
. 


Plot 2 is the same data plotted in dB. Note how the dB 


plot enhances the difference in the small signal val- 
ues at the high frequencies. 


Plot 3 shows the windowed version of this data. Note 


that the widening of the bins due to windowing 
shows energy in the even harmonics that is not 
actually present. For data of this type a different 
window other than Hanning would normally be 
used. Many window types are available, the selec- 
tion of which can be determined by the type of 
data to be plotted.3 


Plot 4 shows a sine wave of period NT17 or fre- 
quency 7/NT. 


Plot 5 shows the same input with windowing. Note the 


signal shown in bins 6 and 8. 


Plot 6 shows a sine wave of period NT/7.5. Note the 


noise caused by the discontinuity as discussed ear- 
lier. 
Plot 7 uses windowing on the data used for plot 6. Note 


the cleaner appearance. 


Plot 8 shows a sine wave input of magnitude 0.707 and 


period NT/7.5. 


Plot 9 shows same input with windowing. 
Plot 10 shows a sine wave of magnitude 0.707/16 and 


period NT/II. 


Plot II shows the same input with windowing. Note 


that there is no power shown in bins 10 and 12. 
This is because at 6 dB down from 3 dB they are 
nearly equal to zero. 


Plot 12uses the sum of the signals for plots 8 and 10 as 


inputs. Note that the component at period NT/II 
is almost hidden. 


Plot 13 uses the same signal as plot 12 but applies win- 


dowing. Now the period component at NT/ll 
can 


easily be seen. The Hanning window works well in 
this case to separate the signal from the leakage. If 
the signals were closer together the Hanning win- 
dow may not have worked and another window 
may have been needed. 
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APPLICATION 
BRIEF 


AB-32 


Upgrade Path from 8096-90 
to 


8096BH to 80C196 


Converting applications that use an 8X9X-90 to use an 
8X9XBH requires consideration of a few of the BH 
enhancements. Descriptions of each of the differences 
between the -90 and the BH follow, along with a discus- 
sion of the implications of the change. 


BHE and INST are latched: The bus control signals 
BHE and INST are valid throughout the bus cycle on 
8X9XBH devices. ON -90 devices, these signals need to 
be latched on the falling edge of ALE. 


Byte Read following RESET rising: The bus control 
and buswidth options of 8X9XBH devices are selected 
by configuration of the chip immediately following the 
rising edge of RESET. During the usual 10 state reset 
sequence, BH parts will perform a byte read of location 
2018H to acquire configuration information prior to 
fetching the first opcode at location 2080H. The 8X9X- 
90 does not perform this read. 


ALE is high while in reset: The ALEI ADV pin of the 
8X9XBH is driven high while the RESET pin is held 
low. On -90 devices, ALE is driven low while in RE- 
SET. Circuits which rely on the state of ALE while 
RESET is low must be modified. The reset state of 
ALE was changed to enable implementation 
of the 


Chip Configuration Byte read from external memory 
following the rising edge of RESET. 


EA is latched on RESET rising: The 8X9XBH latches 
the value of EA on the rising edge of RESET. On -90 
devices, EA was not latched and could be changed 
without placing the part in RESET. This change was 
necessary to enhance ROM/EPROM 
security. Circuits 
that rely on EA not being latched must be modified. 


AID speed increased: The 8X95BH and 8X97BH AID 
converters complete conversion in 88 state times. On - 
90 devices with AID converters, a conversion takes 168 
state times. This translates in an increased conversion 
speed from 421Joson -90 parts to 221Joson BH parts 
running at l2MHz. Software that relies upon the speed 
of conversion for timing must be changed. It is also 
recommended that MCS-96 software be written so as to 
not be impacted by further changes in AID conversion 
speed. 


SamplelHold 
on AID: 
The 8X95BH and 8X97BH 


have a samplelhold on the input of the AID converter. 
8X9X-90 devices with AID 
converters do not have 


samplelhold circuitry. External analog circuitry which 
also includes a samplelhold must provide a settled ana- 
log input within the first four state times of 8X9XBH 
conversion. 


Duplicate Fetches: The 8X9XBH bus controller was 
made more aggressive when it comes to instruction 
fetches in order to minimize the execution speed degra- 


dation of using an 8-bit bus. As a result, instruction 
fetches over a l6-bit bus sometimes occur when there is 
no space in the prefetch queue to store the fetched op- 
codes. This requires another instruction fetch from the 
same address when space in the prefetch queue opens 
up. 


To the external system, these occurrences appear as du- 
plicate instruction fetches. An estimated 10 percent of 
all instruction fetches will be "duplicates", while over- 
all bus loading will be approximately 65 to 70 percent, 
compared to an 8X9X-90 bus loading of approximately 
55 to 60 percent. Execution speed is not impacted by a 
duplicate fetch. 


Write Pulse Width: The 8X9XBH 
16-bit bus write 


pulse width is one Tosc longer than on the 8X9X-90, 
thus allowing slower memories and peripherals to be 
used. In order to widen the WR pulse width, the time 
between the end of WR and the next ALE was reduced 
by Tosc. Note that the signals WRL, WRH, and WR 
with an 8-bit bus are still the same width as on -90 
parts. 


Vpp Replaces VBB: Vpp is the programming pin for 
EPROM 
devices. Systems that have this connected 


through a capacitor to ANGND (required on 8X9X-90 
parts) do not need to change. ANGND must be held 
nominally at the same potential as VSS,and Vpp must 
NOT be connected to Vcc. High voltage must NEVER 
be placed on the Vpp pin of a ROM device. 


While there is almost no reason to do so, an application 
should not attempt to execute with the EA pin at logic 
zero and VCC at 5.5 VDC on an 879XBH EPROM 
device. Additionally, the design should always begin 
the "out of RESET" code execution from the internal 
EPROM, immediately after the power-on sequence. 


Reserved location warning: Intel reserved addresses can 
not be used by applications which use 8X9XBH inter- 
nal ROM/EPROM. 
The data read from a reserved lo- 


cation is not guaranteed, and a write to any reserved 
location could cause unpredictable results. When at- 
tempting to program Intel Reserved addresses, the data 
must be OFFFFH to ensure a harmless result. 


Intel Reserved locations, when mapped to external 
memory, must be filled with OFFFFH 
to ensure com- 


patibility with future parts. 


A positive transition on NMI: The 8X9XBH does not 
clear the Watchdog Timer. The 8X9X-90 does clear the 
WDT on a positive transition of NMI, and both part 
vector to external address OOOOH. 


The following is the latest information on upgrading a 
NMOS 8096 to a CHMOS 80C196. 


The chip which is the CHMOS 8096BH replacement is 
designated the 8OC196.The part can be configured to 
be pin compatible with the 8096, but because of the 
process change and other enhancements, it may not be 
plug compatible in some designs. This is to say that you 
will not be able to arbitrarily swap out a NMOS 8096 
and replace it with the 8OC196.However, if a few rules 
are followed the changes required will be almost pain- 
less. 


First, some background on the 80CI96 is needed. The 
opcode set is a true superset of the 8096, but some en- 
hancements have been made to the peripherals and tim- 
ings. The crystal is divided by 2 on the 8OC196,instead 
of 3, as on the 8096. This means that the 80CI96 run- 
ning at 8 MHz will have a 250 ns state time, Just like an 
8096 running at 12 MHz. 


An 8OC196running at 8 MHz will emulate an 8096 at 
12 MHz except that some of the instructions and pe- 
ripherals will operate faster. The instructions 
which 


will be speeded up include mul, div, interrupt, call, ret, 
and jumps. The serial port will require a different baud 
value and the A to D may not run at exactly the same 
speed. This means that timing loops which measure in- 
struction speed or A to D completion speed may have 
to be modified. The bus timings, while not nanosecond 
for nanosecond compatible, will work in most systems. 


I. Do not use undefined register areas for storage or 
depend on them to return a specific value if it is not 
stated in the Embedded Controller. Undefined regis- 
ters and locations on this, or any other, part should 
be considered off-limits and reserved for develop- 
ment systems, testing or future use. 


2. Do not base timings loops on instruction execution 
times, as some instructions may execute faster on the 
8OCl96 than on the 8096, even when the 8OCl96 is 
slowed down to 8 MHz, its 8096 compatible rate. 
Counter-type loops should be initialized with values 
that can easily be changed at compile time. 


3. Do not base critical timings on interrupt responses, 


A to D completions, flag settings, etc. This is for the 
same reason as above; some of these responses may 
be slightly different from those on the 8096. Timer I 
is provided for critical timings. With an 8 MHz crys- 
tal, it will increment every 2 microseconds, just as an 
8096 running at 12 MHz. 
4. The serial port baud register values should be easily 


changeable at compile time. Since the serial port is 
now capable of running at a higher frequency, a dif- 
ferent baud rate value will be needed. 


5. The circuitry interfacing to the chip should be capa- 


ble of interfacing to the 8OC196. The I/O lines on 
80C196 will look a lot like those on the 80C51. 


6. The BHE/WRH 
signal in eight bit and write strobe 


mode will go low for odd ~ 
transfers and high for 


even byte transfers. The WR/WRL 
signal will go 


low for odd byte transfers and high for even byte 
transfers. Normally, the WR/WRL 
signal should go 


low for odd and even byte transfers since transfers 
are on the low byte of the data bus. 


7. PUSH and POP operations addressed relative to the 


stack pointer work differently on the 8OCl96 than on 
the 8096. On the 8096, the address is calculated 
based on the un-updated stack pointer value, on the 
80C196, the address is calculated based on the up- 
dated value. The only operations effected are: PUSH 
xx[sp], PUSH 
[sp], PUSH sp, POP xx[sp], POP 


[sp], POP sp. 


8. The VPD pin on the 8X9X parts is now the CDE 


(Clock Detect Enable) pin on the 8OC196.When tied 
high, CDE enables a clock speed sensor and will re- 
set the part if the Xtall frequency drops below a few 
hundred KHz. While this is perfect for most produc- 
tion boards, it may be desirable to have a jumper 
option on this function for evaluation boards. 
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This Application Brief presents two examples of a pag- 
ing scheme for the 8096, allowing either 256K bytes of 
total memory, or 544K bytes of total memory. Both 
systems utilize PORTI as the output for the upper ad- 
dress lines. Because Interrupt vectors, and other critical 
sections of code must always be present, addresses 
0-7FFFH 
always refer to the same main page. The 
PORTI 
upper addresses only affect addresses 8000- 
FFFFH, by slapping several 32K pages in and out. 


The hardware for the 256K system (see Figures 4 & 5, 
an example with 128K ROM and 128K RAM) utilizes 
a 74LSl57 quad 2 to I multiplexer. The enable pin of 
the 74LSI57 is tied to the inverted AI5 signal, which is 
the latched addr/data 
15 (ADI5) signal from the 96. In 
this way, when AI5 is low, the 74LSI57 is disabled and 
all its outputs 
are low. Particularly, 
MAl7 
is low, 
which selects the 27512 and deselects the rams. Also, 
MAI5 and MAl6 are low, which guarantee that ad- 
dresses 0-7FFFH of the 27512 are accessed. 


When AI5 is high, the 74LSI57 is enabled to pass 
MAI5 
- MA17 values. The bank select pin of the 
74LSI57 is connected to the INST pin of the 96. When 
the INST pin is high, for a code access, INSTAI5 
- 
INSTAI7 
(PORTI.O 
- PORTI.2) 
are used. When 
INST is low, for a data read or write, DATAAI5 
- 
DATAAI7 
(pORT1.3 - PORT 1.5) are used. This al- 
lows for the use of separate pages for code and data 
without having to change the upper address lines each 
time. Also, it is possible to select a ROM page for a 
data table, or load a RAM page with executable code 
downloaded 
from 
another 
source. 
PORTI.6 
and 
PORTI.7 can still be used as I/O ports. If a ·90 part 
were used, the INST pin would need to be latched since 
it is only valid during the address output on the bus 
pins. 


This system was designed to get the maximum amount 
of memory with a minimum amount of hardware. The 
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amount of ROM and RAM was picked arbitrarily, and 
could be reconfigured in various ways, however, this 
may require slight modifications or additions to the de- 
coder circuitry. This setup has a main page at addresses 
0-7FFFH, 
and upper pages 1-7 at addresses 8000- 


FFFFH. 
Note that upper page 0 is the same as the 


main page. The WRL and WRH feature of the BH part 
was used to allow for byte writes to RAM. If the -90 
part were to be used, additional logic would be neces- 
sary to generate these siguals from WR and BHE. 


The RAM chips utilized were NEe uPD43256-l5 32K 
x 8 static rams with an access time of 15Ons. The 
ROMs were Intel 27512 64K x 8 EPROMs with an 
access time of 200ns. The decoder circuitry used was 
entirely LS TTL. Using an 8097BH running at lOMHz, 
there was ample time for address decoding and memory 
access. Timing analysis showed that 12MHz operation 
would also be accommodated easily. If slower memo- 
ries are used, further analysis would be necessary. Also, 
it would be possible to switch to S TTL to greatly de- 
crease the decoding response time. 


When using this system there are several things to keep 
in mind when preparing the software. 


Since ASM96 
will only 
allow 
addresses 
from 
0- 


FFFFH, it is necessary to generate each page of code in 
a separate file. These pages should not be linked togeth- 
er, but rather should each be used to program the prop- 
er section of the EPROM associated with that page. 
The main page routine should be coded with addresses 
from 0-7FFFH, and each of the upper pages should be 
coded with addresses from 8ooo-FFFH. Because link- 
ing is not possible, each module should contain a table 
of constants which defines the symbols used in other 
modules. These values are easily obtained from the list- 
ing file, which can be created using zeros in the table 
the first time. The addresses of the pages in a 27512 
after splitting low and high bytes into 2 EPROMs are 
shown in Figure I. 
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Figure 1. The Current 
System 
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All changes to the upper 
instruction 
addresses of 


PORTi 
must be made by code located in the main 


page. A listing of subroutines for use in the main page, 
and a listing of macros for use in all pages is provided. 
By invoking one of these macros the programmer can 
easily transfer from one page to another, or select a new 
data page. The subroutines should not be called direct- 
ly, they should be entered by using the appropriate 
macro. The subroutines should be located at the ad- 
dresses 
specified, 
otherwise 
the 
macros 
must 
be 


changed as they are written to call an absolute address 
in the main page. Also, any hardware changes may ren- 
der the software inoperative. 


Because the WRL-WRH feature of the 96BH is used, 
the correct Chip Configuration Register value of OFBH 
must be loaded into the ROMs at address 2018H. This 
is done in the main code file with the following state- 
ments: 


CCR: DCB OFBH 
;VALUE FOR CHIP 
CONFIGURATION 
REGISTER 


Finally, it is necessary to initialize the DATA address 
at the start of the program this can be done using the 
NEW -DATA-PAGE 
MACRO. 


The hardware for the 544K system (see Figures 6 & 7, 
an example with 288K ROM and 256K RAM) has 
some slight changes from the 256K system. 


First, all pins of PORT I are now in use as address lines. 
This allows for PORTI to select 16 pages of memory, 
with a different address for instructions or data. 
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Second, 27128 16K x 8 EPROMS have been added for 
use as the main code page. In this system, the main 
page is physically separate from upper page O. The 
27128's are selected by AI5 being low. The upper pages 
of memory are selected when AI5 is high which enables 
the 74LSI55 demultiplexer which is used for address 
decoding. When the 74LS155 is disabled, its outputs 
are all high, which disables all upper memories. The 
74LSI57 is enabled all the time, to speed up address 
decoding, as its outputs 
do not matter 
when the 


74LSI55 is disabled. 


All rules for the 256K system apply to the 544K sys- 
tem, except that the main page no longer overlaps page 
O.However, because all of PORT I is now in use, differ- 
ent macros and subroutines must now be used. These 
have been included also. 


The instruction pin has been verified to work correctly 
on the 8X9X- 90, 8X9XBH, and the 8OC196.The func- 
tionality of the INST pin is as follows. 


The INST pin is high during an external memory read 
indicating the read is an instruction fetch. This includes 
immediate data reads since the data is embedded in the 
code. 


The INST is low during an external memory read or 
write indicating the bus cycle is a data cycle. This 
would be indirect and indexed instructions which are 
directed at external memory. 
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Figure 3. The 544K Memory 
Map 
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;MACROS FOR 256K 
SYSTEM 


;LONG_BRANCH 
IS INVOKED 
TO BRANCH 
FROM 
ONE PAGE 
TO ANOTHER. 
;ADDRESS MUST HAVE A VALUE 
FROM 8000H 
TO FFFFH. 
;NEW_PAGE CAN BE AN IMMEDIATE 
NUMBER 
OR A REGISTER 
NUMBER. 


MACRO 
LD 
LDB 
BR 
ENDM 


ADDRESS. 
NEW_PAGE 
CODE_ADDRESS. 
#ADDRESS 
NEW_PAGE_NO. 
NEW_PAGE 
7FFOH 


;SET UP CODE_ADDRESS 
REGISTER 
;SET UP NEW_PAGE_NO 
REGISTER 
;BRANCH TO I_P_BRANCH 


;LONG_CALL 
IS INVOKED 
TO CALL A SUBROUTINE 
IN ANOTHER 
PAGE. 
;ADDRESS MUST HAVE A VALUE 
FROM 8000H 
TO FFFFH. 
;NEW_PAGE CAN BE AN IMMEDIATE 
NUMBER 
OR A REGISTER 
NUMBER. 


MACRO 
LD 
LDB 
CALL 
ENDM 


ADDRESS. 
NEW_PAGE 
CODE_ADDRESS. 
#ADDRESS 
;SET UP CODE_ADDRESS 
REGISTER 
NEW_PAGE_NO. 
NEW_PAGE 
;SET UP NEW_PAGE_NO 
REGISTER 
7FCOH 
;CALL I_P_CALL 


;PUSH_OLD_DATAPAGE 
IS INVOKED 
TO INSTALL 
A NEW DATA PAGE AND 
SAVE 
;THE OLD VALUE 
ON THE SYSTEM 
STACK. 
;NEW_PAGE CAN BE AN IMMEDIATE 
NUMBER 
OR A REGISTER 
NUMBER. 


PUSH_OLD_DAPAG 
MACRO 
LDB 
PUSH 
LDB 
ANDB 
SHLB 
ANDB 
ORB 
ENI)M 


NEW_PAGE 
AL. PORTl 
AX 
AL. NEW_PAGE 
AL. #OOOOOlllB 
AL. #3 
PORTl. 
#llOOOlllB 
PORTl. 
AL 


;GET OLD PAGE NUMBER ••• 
;STORE IT ON THE STACK 
;GET NEW DATA PAGE NUMBER ••• 
;MASK IT ••• 
;SHIFT IT TO PROPER 
POSITION ••• 


;CLEAR THE OLD ONE ••• 
;AND LOAD 
IN NEW ONE 


;POP_OLD_DATAPAGE 
IS INVOKED 
TO REINSTALL 
AN OLD DATA PAGE 
THAT WAS 
SAVED 
;ON THE SYSTEM 
STACK BY PUSH_OLD_DATAPAGE. 


POP_OLD_DAPAG 
MACRO 
POP 
ANDB 
ANDB 
ORB 
ENDM 


AX 
AL. #OOlllOOOB 
PORTl. 
#llOOOlllB 
PORTl. 
AL 


;RECALL OLD PAGE NUMBER ••• 
;MASK OLD ONE FOR DATA 
PAGE ••• 
;CLEAR NEW DATA PAGE ••• 
;AND LOAD 
IN OLD ONE 


;NEW_DATA_PAGE 
IS INVOKED 
TO INSTALL A NEW DATA PAGE. 
;NEW_PAGE CAN BE AN IMMEDIATE 
NUMBER 
OR A REGISTER 
NUMBER. 


NEW_DATA_PAGE 
MACRO 
LDB 
' 


ANDB 
SHLB 
ANDB 
ORB 
ENDM 


NEW_PAGE 
AL. NEW_PAGE 
AL. #OOOOOlllB 
AL #3 
PORTl. 
#llOOOlllB 
PORTl. 
AL 


;GET NEW DATA PAGE NUMBER ••• 
;MASK IT ••• 
;SHIFT IT TO PROPER 
POSITION ••• 
;CLEAR THE OLD ONE ••• 
;AND LOAD 
IN NEW ONE 


;SUBROUTINE: 
I_P_CALL 
THIS SUBROUTINE 
ALLOWS 
FOR THE CALLING 
OF SUBROUTINES 
LOCATED 
IN 
A DIFFERENT 
PAGE OF MEMORY. 


PARAMETERS: 
SUBROUTINES: 
; 
LP_CALL: 
LDB 
PUSH 
ANDB 
ANDB 
ORB 
PUSH 
BR 


POP 
ANDB 
ANDB 
ORB 
RET 


CODE_ADDRESS, 
NEW_PAGE_NO 
ANY THAT ARE REQUESTED. 


AL, PORTl 
AX 
PORTl, #lllllOOOB 
NEW_PAGE_NO, 
#OOOOOlllB 
PORTl, 
NEW_PAGE_NO 
#LP_RETURN 
[CODE_ADDRESS] 


AX 
PORTl, 
#lllllOOOB 
AL, #OOOOOlllB 
PORTl, AL 


;GET OLD PAGE NUMBER ••• 
;STORE IT ON THE STACK 
;CLEAR OLD INST PAGE ••• 
;MASK NEW ONE ••• 
;AND LOAD IT IN 
;SAVE RETURN 
ADDRESS ••• 
;CALL REQUESTED 
ROUTINE 


;RECALL OLD PAGE NUMBER ••• 
;CLEAR NEW INST PAGE ••• 
;MASK OLD ONE ••• 
;AND LOAD IT IN 
;RETURN TO CALLING ROUTINE 


;SUBROUTINE: 
I_P_BRANCH 
THIS SUBROUTINE 
ALLOWS 
FOR BRANCHING 
TO LOCATIONS 
IN A DIFFERENT 
PAGE OF MEMORY. 


PARAMETERS: 
SUBROUTINES: 


ANDB 
ANDB 
ORB 
BR 


CODE_ADDRESS, 
NEW_PAGE_NO 
NONE 


PORTl, 
#lllllOOOB 
NEW_PAGE_NO 
#OOOOOlllB 
PORTl, 
NEW_PAGE_NO 
[CODE_ADDRESS] 


;CLEAR OLD INST PAGE ••• 
;MASK NEW ONE ••• 
;AND LOAD IT IN 
;BRANCH TO REQUESTED 
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;MACROS FOR 544K SYSTEM 


;LONG_BRANCH 
IS INVOKED 
TO BRANCH 
FROM ONE PAGE TO ANOTHER. 
:ADDRESS MUST HAVE A VALUE 
FROM 8000H TO FFFFH. 
:NEW_PAGE CAN BE AN IMMEDIATE 
NUMBER 
OR A REGISTER 
NUMBER. 


MACRO 
LD 
LDB 
BR 
ENDM 


ADDRESS. 
NEW_PAGE 
CODE_ADDRESS. 
#ADDRESS 
:SET UP CODE_ADDRESS 
REGISTER 


NEW_PAGE_NO. 
NEW_PAGE 
:SET UP NEW_PAGE_NO 
REGISTER 


7FFOH 
:BRANCH TO I_P_BRANCH 


LONG_CALL 
IS INVOKED 
TO CALL A SUBROUTINE 
IN ANOTHER 
PAGE. 


:ADDRESS MUST HAVE A VALUE 
FROM 8000H 
TO FFFFH. 


:NEW_PAGE CAN BE AN IMMEDIATE 
NUMBER 
OR A REGISTER 
NUMBER. 


MACRO 
LD 
LDB 
CALL 
ENDM 


ADDRESS. 
NEW_PAGE 
CODE_ADDRESS. 
#ADDRESS 
;SET U~ CODE_ADDRESS 
REGISTER 


NEW_PAGE_NO. 
NEW_PAGE 
;SET UP NEW_PAGE_NO 
REGISTER 


7FCOH 
:CALL I_P_CALL 


:PUSH_OLD_DATAPAGE 
IS INVOKED TO INSTALL A NEW DATA PAGE AND SAVE THE OLD 
:VALUE ON THE SYSTEM 
STACK. 


:NEW_PAGE CAN BE AN IMMEDIATE 
NUMBER 
OR A REGISTER 
NUMBER. 


PUSH_OLD_DAPAG 
MACRO 
LDB 
PUSH 
LDB 
SHLB 
ANDB 
ORB 
ENDM 


NEW_PAGE 
AL. PORTl 
AX 
AL. NEW_PAGE 
AL. #4 
PORTI. #OOOOllllB 
PORTl. AL 


:GET OLD PAGE NUMBER ••• 
:STORE IT ON THE STACK 
:GET NEW DATA PAGE NUMBER: •• 
:SHIFT IT TO PROPER 
POSITION ••• 


;CLEAR THE OLD ONE ••• 
;AND LOAD IN NEW ONE 


:POP_OLD_DATAPAGE 
IS INVOKED 
TO REINSTALL 
AN OLD DATA PAGE THAT WAS SAVED 
:ON THE SYSTEM 
STACK BY PUSH_OLD_DATAPAGE. 


POP_OLD_DAPAG 
MACRO 
POP 
ANDB 
ANDB 
ORB 
ENDM 


AX 
AL. #llllOOOOB 
PORTI. 
#OOOOllllB 
PORTl. AL 


:RECALL OLD PAGE NUMBER ••• 
:MASK OLD ONE FOR DATA PAGE ••• 
:CLEAR NEW DATA PAGE ••• 
:AND LOAD IN OLD ONE' 


:NEW_DATA_PAGE 
IS INVOKED 
TO INSTALL A NEW DATA PAGE. 


:NEW_PAGE CAN BE AN IMMEDIATE 
NUMBER 
OR A REGISTER 
NUMBER. 


NEW_DATA_PAGE 
MACRO 
LDB 
SHLB 
ANDB 
ORB 
ENDM 


NEW_PAGE 
AL. NEW_PAGE 
AL. #4 
PORTI. 
#OOOOllllB 
PORTl. AL 


:GET NEW DATA PAGE NUMBER ••• 
:SHIFT IT TO PROPER 
POSITION ••• 
:CLEAR THE OLD ONE ••• 
:AND LOAD IN NEW ONE 


;SUBROUTINES 
FOR 544K 
SYSTEM 


CSEG AT 7FCOH 


;SUBROUTINE: 
I_P_CALL 
THIS 
SUBROUTINE 
ALLOWS 
FOR THE CALLING 
OF SUBROUTINES 
LOCATED 
IN 


A DIFFERENT 
PAGE 
OF MEMORY. 


PARAMETERS: 
SUBROUTINES: 


LDB 
PUSH 
ANDB 
ANDB 
ORB 
PUSH 
BR 


POP 
ANDB 
ANDB 
ORB 
RET 


CODE_ADDRESS, 
NEW_PAGE_NO 
ANY THAT ARE REQUESTED. 


AL, PORTI 
AX 
PORT1, 
#llllOOOOB 
NEW_PAGE_NO, 
#OOOOllllB 
PORT1, 
NEW_PAGE_NO 
#LP_RETURN 
[CODE_ADDRESS] 


AX 
PORT1, 
#llllOOOOB 
AL, #OOOOllllB 
PORTI, 
AL 


;GET OLD PAGE NUMBER ••• 
;STORE IT ON THE STACK 
;CLEAR OLD INST PAGE ••• 
;MASK NEW ONE ••• 
;AND LOAD 
IT IN 
;SAVE RETURN 
ADDRESS ••• 
;CALL REQUESTED 
ROUTINE 


;RECALL OLD PAGE NUMBER ••• 
;CLEAR NEW INST PAGE ••• 
:MASK OLD ONE ••• 
;AND LOAD 
IT IN 
;RETURN TO CALLING 
ROUTINE 


;SUBROUTINE: 
I_P_BRANCH 
THIS 
SUBROUTINE 
ALLOWS 
FOR BRANCHING 
TO LOCATIONS 
IN A DIFFERENT 


PAGE 
OF MEMORY. 


PARAMETERS: 
SUBROUTINES: 


ANDB 
ANDB 
ORB 
BR 


CODE_ADDRESS, 
NEW_PAGE_NO 
NONE 


PORT1, 
#llllOOOOB 
NEW_PAGE_NO, 
#OOOOllllB 
PORT1, 
NEW_PAGE_NO 
[CODE_ADDRESS] 


;CLEAR OLD INST PAGE ••• 
;MASK NEW ONE ••• 
;AND LOAD 
IT IN 
;BRANCH TO REQUESTED 
ROUTINE 


inter 
APPLICATION 
BRIEF 
AB-34 


Integer Square Root Routine for 


the 8096 


LIONEL 
SMITH 
ECO APPLICATIONS 
ENGINEER 


inter 


This Application Brief presents an example of calculat- 
ing the square root of a 32-bit signed integer. 


Newton showed that the square root can be calculated 
by repeating the approximation: 


Xnew = (R/Xold + Xold)/2 ; Xold = Xnew 
where: R is the radicand 
Xold is the' current 
approximation 
of the 
square root 
Xnew is the new approximation 


until you get an answer you like. A common technique 
for deciding whether or not you like the answer is to 
loop on the approximation until Xnew stops changing. 
If you are dealing with real (floating point) numbers 
this technique can sometimes get you in trouble because 
it's possible to hang up in the loop with Xnew alternat- 
ing between two values. This is not the case with inte- 
gers. As an example of how it all works, consider taking 
the square root of 37 with an initial guess (Xold) of I: 


Xnew = (37/1 + 1)/2 = 19; Xold = 19 


Note that in integer arithmetic the remainder of a divi- 
sion is ignored and the square root of a number is 
floored (i.e. the square root is the largest integer which, 
when multiplied by itself, is less than or equal to the 
radicand). 


The only significant problem 
in implementing 
the 


square root calculation using this algorithm is that the 
division of R by Xold could easily be a 32 by 32 divide 
if R is a 32 bit integer. This is ok if you happen to have 
a 32 by 32 divide instruction, but most 16-bit machines 
(including the 8096) only provide a 32 by 16 divide. 
However, a little bit of creative laziness will allow us to 
squeeze by using the 32 by 16 bit divide on the 8096. 


The largest positive integer you can represent with a 
32-bit two's 
complement 
number 
is 07fffStmh, 
or 


2,147,483,647. The square 
root of this 
number 
is 


ObS04h,or 46,340. The largest square root that we can 
generate from a 32-bit radicand can be represented in 
16-bits. If we are careful in picking our initial Xold we 
can do all of the divisions with the 32 by 16 divide 
instruction we have available. Picking the largest possi- 
ble 16-bit number (Otmh) will always work although it 
may slow the calculation down by requiring too many 
iterations to arrive at the correct result. The algorithm 
below takes a slightly more intelligent approach. It uses 
the normalize instruction to figure out how many lead- 
ing zeros the 32-bit radicand has and picks an initial 
Xold based on this information. If there are 16 or more 
leading zeros then the radicand is less than 16bits so an 
initial Xold of Offh is chosen. If the radicand is more 
than 16 bits then the initial Xold is calculated by shift- 
ing the value Otmh by half as many places as there were 
leading zeros in the radicand. To give credit where 
credit is due, I first saw this 'trick" in the January 1986 
issue of Dr. Dobbs's Journal in a letter from Michael 
Barr of McGill University. 


The routine was timed in a 12.0 Mhz 8096 as it calcu- 
lated the square roots of all positive 32-bit numbers, the 
following numbers include the CALL and return se- 
quence and were measured using Timer 1 of the 8096. 


The program module which follows is part of a collec- 
tion of routines which perform integer and real arith- 
metic on a software implemented tagged stack. The top 
element of the stack is call TOS and is in fixed locations 
in the register file. Since the square root operation only 
involves TOS, further details of the stack structure are 
not shown. 


MCS-96 
MACRO ASSEMBLER 
SQRT 


DOS 
MCS-96 
MACRO ASSEMBLER, 
V1.1 


SOURCE 
FILE: 
ROOT2.A96 


OBJECT 
FILE: 
ROOT2. 
OBJ 


CONTROLS 
SPECIFIED 
IN 
INVOCATION 
COMMAND: NOSB 


ERR 
LOC 
OBJECT 
LINE 
SOURCE 
STATEMENT 


1 
2 
sqrt module 
3 
4 
5 
6 
public 
qstk_isqrt 


7 
extrn 
interr:entry 


8 
9 
10 
11 
12 
; error 
codes 


13 
14 
overflow 


15 
paramerr 


16 
invalid_input 


17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 


39 
40 
b1 


41 
42 
43 
44 
bhe 


45 
46 
47 


TOP+- 
SQUARE_ROOT 
(TOP) 
Integer 
error 
routine 


0000 
0001 
0002 


001C 
001C 
001D 
001E 
0020 
0022 
0018 


ds... 1 
ax:byte 
(ax+1) :byte 
ds... 1 
ds... 1 
ds. 
1 
equ 
18h :word 


0030 
0030 
0030 
0032 
0034 
0034 


qstk_reg: 
ds1 
next 
equ qstk_reg:word 
tos_tag 
equ 
(qstk_reg+2) 
:.•. 
ord 
taB_value: 
ds1 
1 


macro 
param 
bno 
param 
endm 


macro 
bc 
endm 
'eject 
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MCS-96 MACROASSEMBLERSQRT 
05/12/86 
10:44:30 
PAGE 
2 
ERR LOC OBJECT 
LINE 
SOURCESTUEllENT 
0000 
48 
cseg 
49 
50 
0000 
51 
qstk_isqrt: 
52 
Takes 
the 
square root or the 
long 
integer 
in 
TOS 
53 
TOS- 
Top or argument 
stack 
54 
nos 
- 
iSQRT(TOS) 
55 
0020 
56 
Xold set 
ex 


0000 A0341C 
57 
Id 
ax,to9_value 


0003 A036lE 
58 
Id 
dx, (tos_value+2) 


0006 371r07 
59 
bbo 
(dx+l) ,7,qsi05 
;it 
(TOS < 0) 


0009 C90119 
60 
push 
II(isqrt_id*256+paramerr) 


OOOCErOOOO 
E 
61 
call 
interr 
Call 
interr. 


ooor 
ro 
62 
ret 
Exit 


0010 
63 
qsi05: 


0010 OF221C 
64 
normal 
ax, 
bx 


0013 oF3B 
65 
be 
qstk_isqrtO 


0015 991022 
66 
cmpb 
bx,/l16 
it 
(TOS < 2**16) 
0018 oA06 
67 
ble 
qsilO 


OOll AlFF0020 
68 
Id 
Xold, 
/lOrrh 
Use Orrh as 
rirst 
estimate. 
001E 200A 
69 
br 
qstk_isqrtloop 


0020 
70 
qsilO: 
0020 180122 
71 
shrb 
bx,lIl 
else 


0023 AlFFFF20 
72 
Id 
Xold, 
/lOrrrrh 
Base the 
rirst 
estimate 
on the 
0027 082220 
73 
shr 
Xold, 
bx 
number or leading 
zeroes 
in 
TOS. 


002A 
74 
qstk_isqrtloop; 
002A A0341C 
75 
Id 
ax,tos_value 
do 


0020 A0381E 
76 
Id 
dx, (tos_value+2) 
it 
(The divide 
will 
"vernow) 
0030 88201E 
77 
omp 
dx,Xold 
The loop 
is 
done. 
78 
bhe 
qstk_isqrt_done 


0035 8C201C 
80 
divu 
ax,Xald 
ir 
( 
(ax=TOS/Xold) >= Xold) 
0038 88201C 
81 
omp 
ax,Xald 
The loop 
is 
done, 


82 
bhe 
qstk_isqrt_done 


0030 0122 
84 
clr 
bx 
Xold=(sx+Xold)/2 
003F 641C20 
85 
add 
Xald.ax 


0042 A40022 
86 
addc 
bx,O 


0045 OC0120 
87 
shrl 
Xold,lIl 


0048 27EO 
88 
br 
qstk_isqrtloop 
while 
(The loop 
is 
not 
done) 
004A 
89 
qstk_isqrt_done: 


004A A02034 
90 
Id 
tos_value,Xold 
TOS=OO:Xold 


0040 AOO036 
91 
Id 
(tos_value+2) 
,0 


0050 
92 
qstk_isqrtO: 


0050 ro 
93 
ret 
Exit 


0051 
94 
end 
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THE MCS®-96 
ANALOG 
ACQUISITION 
PRIMER 


As technology advances, embedded control applica- 
tions continue to reduce chip-count and demand micro- 
controllers with increased features to assist system-cost 
reduction. Since every embedded control application in- 
terfaces with the physical world, and the physical world 
is an analog process, it was inevitable that microcon- 
trollers would include integrated analog acquisition ca- 
pabilities. 


The first such integration of standard microcontroller 
and AID converter occurred on Intel's 8022 in 1978. 
This opened the door to cost reduction of high volume 
applications that required analog inputs. The device fit 
well into applications that needed processing of analog 
data. But this chip, with its 8-bit CPU, could not per- 
form in high-end applications requiring analog inputs, 
or in applications that had computationally demanding 
analog tasks. 


With the introduction of the MCS4l)-96family of 16-bit 
microcontrollers in 1982, the combined CPU and AID 
performance became available to greatly reduce the sys- 
tem cost of mid- and high-performance embedded con- 
trol applications. These are applications which were 
customarily implemented with 16-bit microprocessor 
chip-sets teamed with analog acquisition chip sets. 


There are less obvious avenues for system cost reduc- 
tion when a 16-bit CPU is teamed with an on-chip ana- 
log acquisition system. For example, closed-loop servo 
control had been implemented almost exclusively by 
using analog methods. When an MCS-96 device is de- 
signed into such an application, it is not only replacing 
a microcontroller 
or microprocessor, but it also re- 
places closed-loop analog circuitry which never before 
came in contact with the digital system. 


To take full advantage of this new level of integration, 
digital designers must become familiar with analog ac- 
quisition, and analog designers must become familiar 


with digital methods of processing analog signals. This 
Application Note assists with the first task-under- 
standing of an analog acquisition system. 


Designers experienced with analog design, or analog 
acquisition systems, may find no revelations herein. To 
those unfamiliar with analog acquisition systems, this 
Ap Note provides a tutorial on the subject and will 
serve as a handy reference. 


Answering the limitless number of analog circuit design 
questions is beyond the scope of this Ap Note. Suffice it 
to say that the effort placed on the design of analog 
circuits should increase with a decreasing error budget. 


At a minimum, the applications literature of op-amp 
manufacturers and analog design manuals are a good 
place to start. Furthermore, 
the applications literature 
of monolithic analog acquisition system manufacturers 
should be consulted since the suggestions presented 
therein are largely transportable to any AID system. 


This Ap Note is organized in the following sections. 
The components of an analog acquisition system and 
the errors associated with each is first explained. Then, 
interfacing suggestions and ideas for getting more reso- 
lution 
are presented. 
Finally, 
a set of appendices 


provides back-up information, a bibliography, actual 
converter data and some program listings. 


The definitions of terms used, and the examples pre- 
sented, are drawn from the body of applications litera- 
ture publicly available on the components of an analog 
acquisition system. There is usually no single meaning 
for a particular term or specification used to describe 
analog acquisition. However, there is, in most cases, a 
generally accepted definition which is most often used. 
To the extent possible, we have adopted the most used 
definition. To avoid any ambiguity, Appendix A lists 
the dictionary of terms as used to refer to the analog 
acquisition systems of MCS-96 devices. 


For any users of an MCS-96 analog acquisition system 
(experienced or not), this document contains very use- 
ful information. 
It should be considered mandatory 


reading in addition to the latest Embedded Controller 
Handbook and MCS-96 data sheet for the actual device 
in use prior to the actual design. 


WHAT 
IS AN ANALOG 
ACQUISITION 
SYSTEM? 


An analog acquisition system is a collection of individu- 
al units which, when logically configured, form a sys- 
tem capable of converting an analog input to a digital 
value. 


The typical components of an Analog Acquisition Unit 
(Figure 
I) 
include 
an Analog-to-Digital 
Converter 
(AID), 
a Sample-and-Hold (SIR) and an Analog Mul- 
tiplexer (MUX). The AID converts the infrnitely vary- 
ing analog voltage present on the S/H into a digital 
representation for use by the digital system. The S/H is 
required so a "snapshot" 
of a changing analog input 
can be stored for conversion by the AID. 
The MUX is 
used to leverage the investment in the AID by allowing 
a large number of isolated analog input channels to use 
the same converter. 


The conversion result of an MCS-96 device is a IO-bit 
ratiometric 
representation 
of the input voltage. This 
produces a stair-stepped transfer function when the 
output 
code 
is plotted 
versus 
input 
voltage. 
See 
Figure 2. 


The resulting digital codes can be taken as simple ratio- 
metric information, or they can be used to provide in- 
formation about absolute voltages or relative voltage 
changes on the inputs. The more demanding the appli- 
cation is on the AID converter, the more important it 
is to fully understand 
the converter's operation. For 
simple applications, knowing the absolute error of the 
converter is sufficient. However, controlling a closed 
loop with analog inputs necessitates a detailed under- 
standing of an AID 
converter's operation and errors. 


The errors inherent in an analog-to-digital conversion 
process are many: quantizing error; zero offset; full- 


scale error; differential non-linearity; and non-linearity. 
These are "transfer function" errors related to the AID 
converter. In addition, the S/H and MUX may induce 
channel dissimilarities and sampling error (described 
later). 


Fortunately, 
one "Absolute 
Error" 
specification 
is 


available which describes the sum total of all deviations 
between the actual conversion process and an ideal con- 
verter. The various sub-components of error are, how- 
ever, important in many applications. These error com- 
ponents are described in Appendix A and in the text 
below where ideal and actual converters are compared. 


There are at least three well-recognized methods for 
converting an analog voltage to a digital value-flash, 
dual slope and successive approximation. 


Flash AIDs are the fastest, and most expensive con- 
verters for a given accuracy. Flash converters typically 
resolve bits of the result in parallel to achieve fast con- 
versions. Flash converter speeds are measured in tens- 
of-nanoseconds. 


Dual slope converters are the slowest, but most accu- 
rate. Dual slope conversion is rather insensitive to noise 
on the input, but conversion times are measured in 
milliseconds. 


Successive approximation 
converters 
provide a bal- 


anced tradeoff between speed and accuracy. Successive 
approximation conversion times are measured in tens- 
of-microseconds, and converter 
implementations 
are 


very economical for a given accuracy. 


FIRST CODE TRANSITION OCCURS 
WHEN THE APPLIED VOLTAGE IS 
EQUAL TO 1/2 
lSB. 


FINAL CODE TRANSITION OCCURS 
WHEN THE APPLIED VOLTAGE IS 
EQUAL TO (Vrof 
- 
1 1/2 
(lSB». 


THE VOLTAGE CHANGE 


BETWEEN ADJACENT CODE 
TRANSITIONS (THE "CODE 


WIDTH") IS = 1 lSB. 


MCS-96 converters use successive approximation. 
A 


successive approximation conversion is performed by 
comparing a sequence of reference voltages to the ana- 
log input in a binary search for the reference voltage 
that most closely matches the input. The '/. full-scale 
reference voltages is the tested first. This corresponds 
to a IO-bit result where the most significant bit is zero, 
and all other bits are ones (0111 1111 11b). If the ana- 
log input is less than the test voltage, bit 10of the result 
is left a zero, and a new test voltage of '/. full-scale 
(0011 1111 11b) is tried. If this test voltage is lower 
than the analog input, bit 9 of the result is set and bit 8 
is cleared for the next test (0101 1111 11b). This binary 
search continues until 10 tests have occurred, at which 
time the valid IO-bitconversion result resides in a regis- 
ter where it can be read by software. 


The voltages used during the binary search are generat- 
ed from an internal Digital-to-Analog Converter simi- 
lar to Figure 3. The figure shows eight resistors being 
used as a three-bit D to A. The first resistor tap is taken 
from the center of the first resistor to guarantee that a 
zero input voltage will always output a zero code. Each 
successive 
tap 
then 
provides 
a 
reference 
voltage 


VREF/8 
(one LSB) from the previous tap. When the 


analog input is above the voltage of the seventh tap, the 
AID will resolve to its full-scale value of 111b. There- 
fore, an eighth tap is not needed, and the AID's 1lOb to 
111h code transition will occur when VANIN 
equals 


VREF - 
1 '/. LSB. 


The first error seen in this process is unavoidable, and 
results from the conversion of a continuous voltage to 


an integer digital representation. 
This error is called 


quantizing error, and is always ±0.5 LSB. Quantizing 
error is the only error seen in a perfect AID converter, 
and is obviously present in actual converters. Figure 2 
shows the transfer function for an ideal 3-bit AID con- 
verter (i.e. the Ideal Characteristic). 


Note that in Figure 2 the Ideal Characteristic possesses 
unique qualities: it's first code transition occurs when 
the input voltage is 0.5 LSB; it's full-scale code tran- 
sition occurs when the input voltage equals the full- 
scale reference minus 1.5 LSB; and it's code widths are 
all exactly one LSB. These qualities result in a digitiza- 
tion without offset, full-scale or linearity errors. In oth- 
er words, a perfect conversion. 


Figure 4 shows an Actual Characteristic of a hypotheti- 
cal 3-bit converter which is not perfect. When the Ideal 
Characteristic is overlaid with the imperfect character- 
istic, the actual converter is seen to exhibit errors in the 
location of the first and final code transitions and code 
widths. The deviation of the first code transition from 
ideal is called "zero offset". The deviation of the fmal 
code transition from ideal is "full-scale error". 


The deviation of the code widths from ideal causes two 
types of errors. Differential Non-Linearity and Non- 
Linearity. Differential Non- Linearity is a locallineari- 
ty error measure, whereas Non-Linearity is an overall 
linearity error measure. For example, Figure 5a shows 
a transfer function with a large differential non-lineari- 
ty and a little non-linearity. 
In contrast, 
Figure 5b 


shows a characteristic with small differential errors but 
a large overall linearity error. 


Differential Non-Linearity is the degree to which actual 
code widths differ from the ideal width. Differential 
Non-Linearity gives the user a measure of how much 
the input voltage may have changed in order to pro- 
duce a one count change in the conversion result. 


If the absolute value of an input voltage is less impor- 
tant than the amount that the input changes, the differ- 
ential non-linearity (DNL) specification of a converter 
is very important. For example, if the differential non- 
linearity of a converter is less than ± 0.5 LSB, a one 
count change in the digital result means that the input 
voltage changed at most 1.5 LSB (I LSB ideal ± 0.5 
LSB DNL). This is a much more accurate description 
of the input voltage change than would be available if 
the differential non-linearity of the converter was not 
known. 
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Non-Linearity is the worst case deviation of code tran- 
sitions from the corresponding code transitions of the 
Ideal Characteristic. 
Non- Linearity 
describes how 


much Differential Non-Linearities could add to pro- 
duce an overall maximum departure from a linear char- 
acteristic. 


If the 
Differential 
Non-Linearity 
errors 
are 
large 


enough, it is possible for an AID 
converter to miss 


codes or exhibit non-monotonicity. Neither behavior is 
desirable in a closed-loop system. A converter has no 
missed codes if there exists for each output code a 
unique input voltage range that produces that code 
only. A converter is monotonic if every subsequent 
code change represents an input voltage change in the 
same direction. 
Figure 
6a shows a converter 
with 


missed codes. Figure 6b shows a non-monotonic con- 
verter. 


Differential 
Non-Linearity 
and 
Non-Linearity 
are 


quantified by measuring the Terminal Based Linearity 
Errors. A Terminal Based Characteristic results when 
an Actual Characteristic is shifted and scaled to elimi- 
nate zero offset and full-scale error (see Figure 7). The 
Terminal Based Characteristic is similar to the Actual 
Characteristic that would be seen if zero offset and full- 
scale error were externally trimmed away. In practice, 
this is done by using input circuits which include gain 
and offset trimming. (See the Application Hints section 
for more details.) 


An often overlooked characteristic of AID converters 
is that code transitions do not really occur instanta- 
neously at some finite set of input voltages. Specific 
code transitions can be analyzed by doing repeated con- 
versions around the transition point using a high accu- 
racy input voltage. When this is done, we find that 
there is actually a range of voltages around code tran- 
sitions where both the lower and upper codes occur for 
repeated conversions on the same input voltage. 


Figure 8 shows this "repeatability" error. At the lower 
end of the region of repeatability error the lower code is 
most prevalent, but the upper code will occur in a small 
percentage of the conversion attempts. As the input 
voltage increases slightly, a point is reached where both 
lower and upper codes occur with 50 percent probabili- 
ty. As the input voltage moves slightly higher, the up- 
per code occurs most often with the lower code show- 
ing up in a small percentage of conversions. 


The repeatability error is due to the fundamental ability 
of the comparator in the AID to resolve very similar 
voltages. Random noise also contributes to repeatabili- 
ty errors. On MCS-96 devices, the width of the region 
of repeatability error has been found to be typically I 
mV to 1.25 mY. Since this error is specified, all other 
errors are specified assuming the code transitions occur 
at the voltage where adjacent codes are equally likely. 
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The eight channel multiplexer is implemented as a col- 
lection of eight MOS switches. Only one of eight can be 
closed at any instant in time. Figure I shows the multi- 
plexer with the switches acting as resistors when closed 
and as small parasitic capacitors when open. The input 
protection devices on the analog input pins are also 
considered a part of the multiplexer. 
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The resistance of a closed switch is typically 1K to 2K 
ohms and the D.C. leakage due to the input protection 
is typically 3 microamps maximum. Both values de- 
pend upon the process used and day-to-day fabrication 
variations. The channel resistance and the D.C. leakage 
can also vary from channel-to-channel on the same de- 
vice. These variations can be seen in the conversion 
process and are described by the channel- to-channel 
matching specification. 


Channel-ta-channel 
matching specifies the input volt- 
age differences induced by mismatched elements of the 
multiplexer. This error is quantified by measuring the 
difference between the input voltages necessary to cause 
the same code transition to occur through different 
multiplexer channels under identical test conditions. 


Matching errors are more complex than a simple volt- 
age offset between channels, and thus are difficult to 


externally 
cancel. Fortunately, 
multiplexer 
channels 


typically match to within one millivolt. 


A multiplexer that has the potential to short two inputs 
together is not very attractive. To keep this from hap- 
pening, the circuitry that selects the active channel is 
designed to guarantee that all channels are deselected 
before a new channel is selected. Thus, the multiplexer 
is said to be Break-Before-Make. 


In addition to Break-Before-Make channel selection, an 
analog multiplexer must be able to keep deselected 
channels isolated from the selected channel. As shown 
in Figure 1, there are parasitic capacitances coupling 
every deselected channel to the multiplexer output. The 
quantification of coupling is called Off-Isolation. Off- 
isolation is the multiplexer's ability to attenuate signals 
on deselected channels. 


inter 


The sample-and-hold of an analog acquisition system 
can be built using an analog switch and a sample capac- 
itor. As with the multiplexer, there is also a parasitic 
capacitance coupling the switch input to the sample 
capacitor when the switch is open (Figure 1). 


The resistance of the sample-and-hold switch combines 
with the series resistance of the multiplexer to impede 
the current necessary to charge the sample capacitor. 
For example, with a 5K ohm total input resistance 
from the pin to the 2 pf sample capacitor, the RC time 
constant is 10 nS (2 pf X 5K ohms). 


During the one microsecond that the sample capacitor 
is connected to the input, 100 time constants elapse 
(1 microsecond/lO nS). This means that the sample ca- 
pacitor is 100 percent of the voltage on the input pin 
(l-e -1(0), assuming a zero source impedance. 


If a source impedance of 2K ohms is assumed, the RC 
time constant of the sampling process would be 14nS 
(7K ohms 
X 2 pt). Thus, 71.4 time constants would 


pass in one microsecond resulting in the sample capaci- 
tor being charged to within 99.9 percent of its final 
value. Source impedances above 2K ohms would begin 
to degrade the conversion accuracy due to D.C. leakage 
(described later). 


Figure 9 shows the actual input voltage and the sam- 
pled voltage approaching the input voltage. Once the 
sample-and-hold switch closes, the sample window be- 
gins. The sample window extends for four state times 
and ends with the sample-and-hold switch opening on 
MCS-96 devices (except 8X9X-90, which is 8 state 
times and has no sample-hold). Figure 9 also shows the 
sample delay, which is the delay from the time a start 
conversion signal is generated to the time a conversion 
process begins. 


It is important to understand the uncertainties associat- 
ed with the timing of the sample-and-hold. Digital sig- 
nal processing algorithms rely upon the "spectral puri- 
ty" of the sampling process. If the sample window 
jumps around with respect to the start conversion sig- 
nal, or if the start conversion signal cannot be generat- 
ed at precise times, consecutive samples of input data 
will not be equally spaced in time (i.e. sampling will be 
spectrally impure). 
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To improve the spectral purity of the sampling in digi- 
tal signal processing applications, sequential MCS-96 
start conversion signals can be generated with less than 
50 nanoseconds of jitter using the HSO unit. The sam- 
ple delay and sample time are also a constant number 
of state times to within 50 nanoseconds each. 


Once the sample window closes, it is desired that all 
further changes on any input channel be isolated from 
the sample capacitor. The multiplexer's off-isolation is 
responsible for isolating deselected channels, while the 
sample-and-hold switch must attenuate changes on the 
selected channel. This source of error is described as 
Feedthrough. Feedthrough is quantified as the ability 
of the sample-and-hold to reject unwanted signals on its 
input. 


Other factors that affect a real AID Converter system 
include sensitivity to temperature. Temperature sensi- 
tivities are described by the change in typical specifica- 
tions with a change in temperature. 


The MCS-96 Analog Acquisition System includes an 
eight channel analog multiplexer, sample-and-hold cir- 
cuit and 1Q-bit analog to digital converter (Figure 10). 
An MCS-96 device can therefore select one of eight 
analog inputs, sample-and-hold the input voltage and 
convert the voltage into a digital value. Each conver- 
sion takes 22 microseconds (8097BH), including the 
time required for the sample-hold (with XTALl 
= 12 


MHz). The method of conversion is successive approxi- 
mation. 
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8 TO 1 
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MULTIPLEXER 


SAMPLE 
AND 
HOLD 


NOTE: 
1. Sample 
and hold not on 8X9X-90 
devices. 


The conversion process is initiated by the execution of 
HSO command OFH, or by writing a one to the GO 
Bit in the AID Control Register. Either activity causes 
a start conversion signal to be sent to AID control log- 
ic. If an HSO command was used, the conversion pro- 
cess will begin when Timer I increments. This aids 
applications 
attempting 
to approach 
spectrally pure 
sampling, since successive samples spaced by equal 
Timer I delays will occur with a variance of about 
± 50 ns (assuming a stable clock on XTALl). 
How- 
ever, conversion 
initiated 
by writing a one to the 
ADCON register GO Bit will start within three state 
times after the instruction has completed execution, re- 
sulting in a variance of about 0.75 fLs (XTALI 
= 
12 MHz). 


Once the AID unit receives a start conversion signal, 
there is a one state time delay before sampling (sample 
delay) while the successive approximation register is re- 
set and the proper multiplexer channel is selected. Af- 
ter the sample delay, the multiplexer output is connect- 
ed to the sample capacitor and remains connected for 
four state times (sample time). After this four state time 
"sample window" closes, the input to the sample capac- 
itor is disconnected from the multiplexer so that chang- 
es on the input pin will not alter the stored charge while 


the conversion is in progress. The sample delay and 
sample time uncertainties are each approximately ± 50 
ns, independent of clock speed. 


To perform the actual analog-to-digital conversion the 
MCS-96 implements a successive approximation algo- 
rigthm. The converter hardware consists of a 256-resis- 
tor ladder, a comparator, coupling capacitors and a 10- 
bit successive approximation register (SAR) with logic 
that guides the process. The resistor ladder provides 20 
mV steps (VREF = 5.12V), while capacitive coupling is 
used to create 5 mV steps within the 20 mV ladder 
voltages. Therefore, 1024 internal reference voltages are 
available for comparison against the analog input to 
generate a 10- bit conversion result. Appendix B con- 
tains a detailed description of the method used to gen- 
erate 1024 voltages from a 256-resistor chain. 


The total number of state times required for a IO-bit 
conversion varies from one MCS-96 version to the next. 
Attempting to short-cycle the IO-bitconversion process 
by reading AID results before the done bit is set may 
work on some versions of MCS-96 devices, however it 
is not recommended. Short-cycling is not tested, nor is 
it guaranteed. Furthermore, it may not work on future 
MCS-96 devices. 
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The analog signals that must be converted by an analog 
acquisition system vary widely. The analog input may 
arrive at the controller as a voltage or current. The 
range may be 0 to I volt or ± 30 volts, or some other 
arbitrary range. The input may be linear, logarithmic, 
non- linear, or perturbated in some bizarre fashion. Al- 
though interfacing to such signals could be considered 
an art form, some simple suggestions are contained in 
this section. 


The external interface circuitry to an analog input is 
highly dependent upon the application, and can impact 
converter characteristics. In the external circuit's de- 
sign, important factors such as input pin leakage, sam- 
ple capacitor size and multiplexer series resistance from 
the input pin to the sample capacitor must be consid- 
ered. 


For the 8096BH, these factors are idealized in Figure 
II. The external input circuit must be able to charge a 
sample capacitor (Cs) through a series of resistance 
(Rr) to an accurate voltage given a D.C. leakage (Ir). 
On the 8096BH, Cs is around 2 pF, RI is around 5 KO 
and IL is specified at 3 /LA maximum. In determining 
the source impedance Rs, VBIASis not important. 


External circuits with source impedances of I KO or 
less will be able to maintain an input voltage within a 


tolerance of about ±0.6l 
LSB (1.0 KO X 3.0 /LA = 


3.0 mY) given the D.C. leakage. Source impedances 
above 2 KO can result in an external error of at least 
one LSB due to the voltage drop caused by the 3 /LA 
leakage. In addition, source impedances above 25 KO 
may degrade converter accuracy as a result of the inter- . 
nal sample capacitor not being fully charged during the 
I /Ls (12 MHz clock) sample window. 


Placing an external capacitor on each analog input will 
reduce the sensitivity to noise, as the capacitor com- 
bines with source resistance in the external circuit to 
form a low-pass fIlter. In practice, one should include a 
small series resistance prior to an external low leakage 
capacitor on the analog input pin and choose the largest 
capacitor value practical, given the frequency of the 
signal being converted. This provides a low-pass filter 
on the input, while the resistor will also limit input 
current during over-voltage conditions. 


Figure 12 shows a simple analog interface circuit based 
upon the discussion above. The circuit in the figure also 
provides limited protection against over-voltage condi- 
tions on the analog input (limits to 2.6 mA with 2700 
(0.7/270». The circuit induces leakage from the diodes, 
which should be kept small. 


The wide range of possible analog environments that 
must be interfaced to, or the existence of stringent accu- 
racy requirements, makes the consideration of alterna- 
tive input buffer configurations necessary. The most 
popular input buffer is a single op-amp in the non- in- 
verting or inverting configurations of Figure 13. 


In the non-inverting circuit of Figure 13 (a), the analog 
input is scaled by the buffer gain to output 5 volts when 
the input is at its maximum positive input. When the 
buffer input is 0 volts, the output will also be 0 volts. 


In the inverting circuit of Figure 13 (b), a reference 
equal to the maximum possible input voltage is placed 
on the non-inverting input of the op-amp and the actual 
analog input is placed on the inverting input. The out- 
put voltage of the buffer is then proportional 
to the 


deviation of analog input from its maximum possible 
value. For example, when the analog input equals 
VMAX,the buffer output will equal 0 zero volts. When 
the analog input equals its minimum value, the buffer 
output equals 5 volts. The digital result from the AID 
converter might, of course, have to be complemented 
before being used. 


The circuits of Figure 13 show only feedback resistors 
that set the gain of the buffer. In practice, it will often 
be necessary to include offset adjustments, gain trim- 
ming, temperature or frequency stability compensation, 
or components to build an active filter. 


Figure 
14 depicts a generalized non-inverting 
input 


buffer that offsets the analog input and scales the input 
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to a 5 volt range. The course offset is set by the ratio of 
RBIG1 and RBIG2' while offset fme tuning is done by 
adjusting RTRIM. The course gain is set by the ratio of 
Ra 1 and 
RG2 while gain trimming 
is done with 


RaTRIM· 


-= ANGND 
270365-12 


-= ANGND 
270365-13 


By trimming the offset and gain, not only can external 
component errors be zeroed out, but the offset and full 
scale error of the AID converter can be nulled. 


The procedure for nulling offset and gain is simple. 
First, a voltage is applied to VIN which corresponds to 
the ideal fIrst code transition of the AID. RTRIM is 
adjusted so that 50 percent of the conversion results are 
o while 50 percent are 1. Second, a voltage is applied to 
VIN which corresponds to the ideal fInal code tran- 
sition of the AID converter. RaTRIM is then adjusted 
until 50 percent of the conversion results are 3FEH and 
50 percent are 3FFH. Once this adjustment is com- 
plete, the converter zero offset and full-scale errors are 
nulled, and could be ignored (except for temperature 
variation). This allows the system to rely upon the 
tighter, more descriptive converter specifIcations for 
Terminal Based Non- Linearity and Differential Non- 
Linearity. 


Reference supply levels strongly influence the absolute 
accuracy of the conversion. For this reason, it is recom- 
mended that the ANGND 
pin be tied to a clean 


ground, as close to the power supply as possible. Bypass 
capacitors 
should also be used between VREP and 


ANGND. ANGND should be connected to Vss only 
at the chip. VREP should be well regulated and used 
only for the AID converter. The VREP supply can be 
between 4.5V and 5.5V and needs to be able to source 
around 5 mA. Figure 15 shows all of these connections. 


Note that if only ratiometric 
information is desired, 


VREPcan be connected to Vcc. In addition, if the AID 
converter is not being used, VREP must be connected to 
Vcc and ANGND to Vss for PortO to work as a digital 
port. 
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Given that the AID converter can convert an analog 
input ranging from 0 volts to 5 volts into 1024 steps of 
5 millivolts each, the desire for more resolution can 
come from three basic needs - need extra LSB, need 
extra MSB, need BOTH. 


The configuration shown in Figure 16 can be used to 
solve each of the "more resolution" problems. This set- 
up requires the use of two input channels with different 
offsets and gains. 


When the 5 millivolt step size of the AID is too large 
for the application requirements, but the 5 volt range is 
sufficient, the system needs an "extra LSB". For exam- 
ple, an application requiring 2.5 millivolt steps over a 5 
volt range needs an II-bit conversion result. The 11th 
bit needs to be added to the least significant side of the 
10- bit result (the "right"). This can be achieved using 
the circuit of Figure 16. 


If both channels are set for a gain of 2, with channel 1 
offset to 2.5 volts, the 5 volt input range is split into 2.5 
volt ranges that are amplified by two before being input 
to the AID. 
While VIN is between 0 and 2.5 volts, 
channel 0 will be providing a proportional voltage be- 
tween 0 volts and 5 volts to the AID converter. Chan- 
nell 
will be clamped to 5 volts. When VIN rises above 


2.5 volts, channell 
will begin to output a proportional 


voltage between 0 volts and 5 volts to the AID convert- 
er and channel 0 will be clamped at 5 volts. Using this 
method, an II-bit (2048 step) result is created with 2.5 
millivolt steps (i.e. an extra LSB). 


It is useful to note that only one conversion per sample 
will be required if the software keeps track of which 
channel is active. The only time that two conversions 
will be required for one sample is when the voltage 
crosses the midpoint. 


The second reason that "more resolution" is requested 
is the need for an "extra MSB". When the converter's 
input voltage range is too small (5 volts when 10volts is 
needed), but 5 millivolt steps over the actual input volt- 
age range is sufficient, an extra bit is needed on the 
most significant ("left") side of the IO-bit result. The 
circuit of Figure 16 can also be used, with different 
gains and offsets, to satisfy this extra MSB need by 
splitting the 10 volt range into 5 volt ranges. 


If both channels of Figure 16 are set for unity gain, and 
channell 
is offset to 5 volts, an II-bit conversion result 


with 5 millivolt steps is available. While VIN is in the 
lower half of its range (0 volts to 5 volts), channel 0 will 
be active. While VIN is in the upper half of its range (5 
volts to 10 volts), channel I will be active. Thus, an 
extra MSB is created. 


For applications requiring multiple extra bits of result, 
the solutions can become more "elegant" (i.e. elabo- 
rate). However, it is profitable to first squeeze the most 
out of the now familiar circuit in Figure 16. 


Assume that the analog input, VIN, ranges from 0 volts 
to 10volts, and it is desired to measure this range in 2.5 
millivolt steps. This requires two extra bits of result - 
one extra MSB and one extra LSB. A simple extrapola- 
tion of the preceding discussion of creating extra bits 
might have the designer planning to tieup four channels 
of the multiplexer needlessly. Needlessly, that is, if 
the application is a typical control application where 
the high accuracy requirements are only important in 
the "normal" operating range of the process. Outside of 
the normal operating range is the "possible" operating 
range which must be measured, but with less stringent 
requirements. 


Since the requirements of the normal range set the nec- 
essary LSB weight, and the extent of the possible range 
sets the maximum voltage span, it follows that only two 
channels need to be used (Figure 16). Channel 0 would 
be set with a gain that compressed the possible VIN 
range to 5 volts, while channel I would be offset to the 
normal operating range and would have a gain of two 
to expand this region of critical interest. With this ap- 
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proach, 100 percent of the normal operating range is 
digitized in 2.5 millivolt steps, while 100 percent of the 
possible range is digitized in 10 millivolt steps. 


Unfortunately, not all high resolution applications can 
be described as a process with a small region of in-con- 
trol operation, where the process is out-of-control out- 
side of that small region. For example, it is necessary to 
measure airflow in an engine controlling carburetion. 
The air flow at idle is likely to be several orders-of-mag- 
nitude lower than the airflow at full RPM. The process 
needs to be in tight control over the entire range, not 
only when the engine is at half-speed. 


When it is desired to measure a process with a fixed 
percent of error throughout a range spanning several 
orders-of-magnitude, 
a non- linear input buffer be- 
C?mes attractive. For example, assume that the analog 
sIgnal that needs to be digitized can vary from I milli- 
volt to 25 volts and describes a physical process that 
must be represented digitally with I percent error at 
any point in the possible input range. A linear solution 
to this application would require a converter with a 10 
microvolt LSB (I % X I mV), and a resolution of 22 
bits (25 V/10 microvolts). This is clearly undesirable. 


The use of a log input buffer to compress the 25 volt 
ran.gelogari~hmically to 5 volts would satisfy the appli- 
cation reqUIrements. The input would range from I 
millivolt to 25 volts with the output ranging from 0 
volts to 5 volts proportionally to the log of VIN/lmV. 
Each one-percent change in the input voltage would 
change the output voltage by 5 millivolts (one count). 
The antilog could be taken in software using a lookup 
table, or the control calculations could be performed in 
a log base. 


Simple inexpensive log-amps can be built as in Figure 
17, or high- accuracy, self-contained log-amps can be 
purchased. Which is chosen depends upon the applica- 
tion tradeoffs of price and performance. 


V3=Klog(~) 
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Other techniques become available for consideration in 
systems that have slow sample rate requirements, but 
very high resolution requirements. In addition to the 
methods described above, which require external hard- 
ware, software filtering or other post-processing of the 
conversion results can be productive. Each method re- 
lies upon the ability to sample the analog input much 
faster than the system requires an analog input. 


When resolution is limited by filterable noise, perhaps 
the most straightforward approach to post-processing is 
to oversample the input by a factor of N and digitally 
low-pass filter the data (i.e. weighted rolling average). 
A result would be reported to the rest of the system 
every N samples (Figure 18). A low-pass filter can in- 
crease the signal- to-noise ratio (SNR) by a factor of N 
(see bibliography). However, care must be taken to be 
certain that the input voltage varies slowly with respect 
to the sampling rate. 


Y1 = YO 
YO = S'Y1 
+G'X 


Band G are consJanls 


A/D 
RESULT 


038H 


1 
or 
-----------------------------0-36-Hr 
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ft~ 


ACTUAL 
SIGNAL 


SIGNAL + DITHER 


Another approach to creating more resolution is called 
"synchronized dither". Figure 19 shows an input volt- 
age that is constant somewhere between two code tran- 
sition points. This input is "dithered" by adding a small 
periodic waveform ('/. LSB steps) to the input while 
performing an AID conversion synchronized with each 
dither step. Every time the dither completes a full cycle, 
the eight conversion results are averaged to form one 
digitized value. Since the dither is periodic and sym- 
metrical about 0 volts, its average impact on the input 
voltage is 0 volts. 


The creation of extra resolution can be seen with the 
example shown in Figure 19. Without dither, the input 
voltage would always convert to 37H. With dither, one- 
eighth of the conversions would be 38H and 7/. of the 
conversions would be 37H. If every eight conversions 
were averaged, the result would be 37H + '/. LSB. The 
possible results given a four level dither, where the in- 
put voltage was always within the 37H code width, 
would be 


36H + % 
36H + % 
37H + 0 
37H + Ys 
37H + % 


Dither will only create more resolution up to the limit 
of the AID converter comparator's 
ability to distin- 


guish voltages. Since MCS-96 converter repeatability 
error is typically around 1 millivolt to 1.25 millivolts, 
'/. LSB dither is the practical limit if no other process- 
ing is done. Figure 20 shows a simple method by which 


the input voltage could be dithered under software con- 
trol. 


While only a few of the more obvious interfacing tech- 
niques were described here, there are as many innova- 
tive interfacing tricks as there are designers. 


This application note provides a fundamental under- 
standing of MCS-96 analog acquisition for the digital 
designer. Since answering the limitless number of ana- 
log circuit design questions is beyond the scope of this 
document, it is expected that analog design manuals 
and the large body of publicly available applications 
literature will be consulted for detailed design hints. 
Furthermore, 
the applications literature of monolithic 


analog acquisition 
system manufacturers 
should be 


consulted since the suggestions presented therein are 
largely transportable to any AID system. 


inter 


APPENDIX 
A 
AID 
GLOSSARY OF TERMS 


ABSOLUTE 
ERROR-The 
maximum 
difference 
be- 
tween 
corresponding 
actual 
and ideal code transitions. 


Absolute 
Error 
accounts 
for all deviations 
of an actual 


converter 
from an ideal converter. 


ACfUAL 
CHARACTERISTIC-The 
characteristic 
of 


an actual 
converter. 
The characteristic 
of a given con- 


verter 
may vary over temperature, 
supply 
voltage, 
and 


frequency 
conditions. 
An Actual 
Characteristic 
rarely 


has ideal first and last transition 
locations 
or ideal code 


widths. 
It may even vary over multiple 
conversions 
un- 
der the same conditions. 


BREAK-BEFORE-MAKE-The 
property 
of a multi- 


plexer 
which 
guarantees 
that 
a 
previously 
selected 


channel 
will be deselected 
before 
a new channel 
is se- 


lected. (e.g. the multiplexer 
will not short inputs togeth- 


er.) 


CHANNEL-TO-CHANNEL 
MATCHING-The 
dif- 
ference between 
corresponding 
code transitions 
of actu- 
al characteristics 
taken 
from 
different 
channels 
under 


the 
same 
temperature, 
voltage 
and 
frequency 
condi- 
tions. 


CHARACfERISTIC-A 
graph 
of input 
voltage 
ver- 
sus the resultant 
output 
code for an AID converter. 
It 


describes 
the transfer 
function 
of the AID converter. 


CODE 
CENTER-The 
voltage 
corresponding 
to the 


midpoint 
between 
two adjacent 
code transitions. 


CODE 
TRANSITION-The 
point 
at which 
the con- 
verter 
changes 
from an output 
code of Q, to a code of 


Q + I. The input voltage corresponding 
to a code tran- 


sition is defmed 
to be that voltage which is equally 
like- 


ly to produce 
either 
of two adjacent 
codes. 


CODE 
WIDTH-The 
voltage 
corresponding 
to 
the 


difference 
between 
two adjacent 
code transitions. 


D.C. INPUT 
LEAKAGE-D.C. 
Leakage 
current 
of an 


analog 
input 
pin. 


DIFFERENTIAL 
NON-LINEARITY-The 
differ- 


ence between 
the ideal and 
actual 
code widths 
of the 
terminal 
based 
characteristic 
of a converter. 


FEEDTHROUGH-Attenuation 
of a voltage 
applied 


on the selected 
channel 
of the AID converter 
after the 


sample 
window 
closes. 


FULL-SCALE 
ERROR-The 
difference 
between 
the 


expected 
and actual 
input 
voltage 
corresponding 
to the 


full-scale 
code transition. 


IDEAL 
CHARACTERISTIC-A 
characteristic 
with 


its first code transition 
at YIN = 0.5 LSB, its last code 


transition 
at YIN = (VREF 
- 
1.5 LSB) and all code 


widths 
equal to one LSB. 


INPUT 
RESISTANCE-The 
effective series resistance 


from the analog 
input 
pin to the sample 
capacitor. 


LSB - LEAST 
SIGNIFICANT 
BIT-The 
voltage 
val- 


ue corresponding 
to the full-scale 
voltage divided 
by 2n, 


where 
n is the number 
of bits of resolution 
of the con- 


verter. 
For a 1O-bit converter 
with a reference 
voltage 


of 5.12 volts, 
one 
LSB 
is 5.0 mY. 
Note 
that 
this 
is 


different 
than digital 
LSBs, since an uncertainty 
of two 


LSBs, 
when 
referring 
to 
an AID 
converter, 
equals 


10 mY. (This has been confused 
with an uncertainty 
of 


two 
digital 
bits, 
which 
would 
mean 
four 
counts, 
or 


20 mY.) 


MONOTONIC-The 
property 
of successive 
approxi- 


mation 
converters 
which 
guarantees 
that increasing 
in- 


put voltages 
produce 
adjacent 
codes of increasing 
value, 


and 
that 
decreasing 
input 
voltages 
produce 
adjacent 


codes of decreasing 
value. 


NO 
MISSED 
CODES-For 
each 
and 
every 
output 


code, 
there 
exists 
a unique 
input 
voltage 
range 
which 


produces 
that code only. 


NON-LINEARITY-The 
maximum 
deviation 
of code 


transitions 
of the terminal 
based characteristic 
from the 


corresponding 
code transitions 
of the actual 
character- 


istic of a converter. 


OFF·ISOLATION-Attenuation 
of a voltage 
applied 


on a deselected 
channel 
of the AID 
converter. 
(Also 


referred 
to as Crosstalk.) 


inter 


REPEATABILITY-The 
difference between 
corre- 


sponding code transitions from different actual charac- 
teristics taken from the same converter on the same 
channel at the same temperature, voltage and frequency 
conditions. 


RESOLUTION-The 
number of input voltage levels 


that the converter can unambiguously distinguish be- 
tween. Also defines the number of useful bits of infor- 
mation which the converter can return. 


SAMPLE DELAY-The 
delay from receiving the start 


conversion signal to when the sample window opens. 


SAMPLE 
DELAY UNCERTAINTY-The 
variation 


in the Sample Delay. 


SAMPLE TIME-The 
time that the sample window is 


open. 


SAMPLE TIME UNCERTAINTY-The 
variation in 


the sample time. 


SAMPLE WINDOW-Begins 
when the sample capac- 


itor is attached to a selected channel and ends when the 
sample capacitor 
is disconnected 
from the selected 


channel. 


SUCCESSIVE 
APPROXIMATION-An 
AID 
con- 


version method which uses a binary search to arrive at 
the best digital representation of an analog input. 


TEMPERATURE 
COEFFICIENTS-Change 
in the 


stated 
variable 
per 
degree 
centigrade 
temperature 


change. Temperature coefficients are added to the typi- 
cal values of a specification to see the effect of tempera- 
ture drift. 


TERMINAL 
BASED CHARACTERISTIC-An 
Ac- 


tual Characteristic which has been rotated and translat- 
ed to remove zero offset and full-scale error. 


vcc REJECTION-Attenuation 
of noise on the Vcc 


line to the AID converter. 


ZERO OFFSET-The 
difference between the expected 


and actual input voltage corresponding to the first code 
transition. 


inter 


APPENDIX 
B 
CAPACITIVE 
INTERPOLATION 


A successive approximation AID converter needs an 
internal D/ A converter of the same resolution as the 
desired AID 
result. A IO-bit D/ A could have been 
made using a string of 1024 resistors connected from 
the analog reference at one end to ground at the other 
end. Although this would be technically ideal, such a 
circuit would be enormous. Therefore, a method was 
developed to generate the needed reference voltages us- 
ing a small area of silicon so that an on-chip 100bit 
AID converter would be economical. 


The method used relies upon a 256-resistor chain to 
generate reference voltages in 20mV (5.12V/256) steps 
while two ratioed capacitors are used to capacitively 
"interpolate" 
voltages in-between the resistor tap volt- 
ages. The area of the 256-resistor chain together with 
the capacitors is one-fourth the area of the would-be 
1024 resistor chain. 


Before beginning a detailed description of the capacitive 
part of the conversion process, it is necessary to under- 
stand a few details about the resistor chain. 


There are 256 resistors connected in series from the 
analog reference to analog ground. The actual value of 
the resistors only impacts the current through the refer- 
ence pin. If every resistor in the chain is the same value 
the converter will function properly. 


To reduce resistor-to-resistor 
variation, the chain is 
folded in half, and then in an accordion fashion to pro- 
duce a 16 X 16 block of resistors. This minimizes the 
sensitivity of the array to processing gradients, while 
also allowing the array to be addressed roughly similar 
to a 16 X 16 memory array. 


As explained earlier, it is desired for the AID converter 
to have its first code transition at 'f. LSB followed by 
subsequent code widths 1 LSB wide. 


To accomplish this, each resistor is tapped in its center 
rather than between resistors. For example, the first 
resistor tap is half-way up the first resistor. This means 
that the zero resistor tap will output 10mV (20mV/2). 
When calculating the voltage on a certain resistor tap, 
you must add IOmV to the product of the tap number 
and 2OmV. 


The internal connections while an analOg input is being 
sampled are shown in Figure Bla. Once sampling is 
complete, the analog input is disconnected and the 
comparator 
inputs are no longer clamped to VBIAS 


(Figure BIb). 


During the sample window (Figure Bla), VANIN and 
VOFScontrol the amount of charge stored in CA and 
CB (VOFScontrols the converter offset). Once the sam- 
ple window closes (Figure BIb), voltages applied to 
VIN and VIN2 will add or subtract charge proportional 
to (VANIN - VIN) on CA and (VOFS - 
VINVon CB· 


Unless a voltage is applied to VIN and VIN2. The in- 
verting comparator input of Figure BIb will remain at 
VBIAS due to the charges on CA and CB. The non- 
inverting 
comparator 
input 
will always remain 
at 


VBIASand serves as a reference. 


If a VIN, VIN2 combination is applied which causes the 
non-inverting input to drop below VBIASthe compara- 
tor will output to a 1 to indicate that the applied volt- 
age was lower than the original VANIN. To better un- 
derstand how the circuit works, Figure B2 shows the 
superposition analysis used to form the equation for 
VOUT,given initial charge on CA and CB and new in- 
put voltages VIN and VIN2. 
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Your = V1 + V2 + V3 + V4 


Your = VIN(CA~CB) 
+ VIN2(CA':CB) 
+ VAl(CA~CB) 
+ VBI(CA':CB) 


One of 256 
ResIstor 
Tops 
Successive 
ApproxImatIon 
RegIster 


-' 
CB-jjC" 


C" Is the 
sample 
capacitor 


Successive 
Approximation 
Register 


From..J 


PIn 


inter 


Cs 
(VIN2 + VSIAS - 
VOFS) CA + Cs 
(IV) 


vOUT becomes the input voltage to the comparator 
which ideally presents no load. The only way to make 
VOUTapproach the value OfVBIAS(after VBIASis re- 
moved) is to apply a voltage combination which makes 
equation IV evaluate to VBIAS'If we had an infinitely 
variable internal voltage reference to use, we could 
just 
set 
the 
reference 
on 
VIN 
to 
the 
value 
of 


VANIN and make VINZ = VOFS' 


However, using a 256-resistor chain to provide refer- 
ences, we can find a VIN, VINZ combination which can 
bring VOUTclose to the value OfVBIAS'The 256-resis- 
tor chain provides a reference voltage in 20 mV steps. 
We can then take separate taps of the resistor chain and 
connect them to VIN and VIN2' The voltage attached to 
VIN will couple to VOUTby a factor of CA/(CA + CB) 
= 8/9 from EQN IV. The voltage attached to VIN2 
will couple to VOUTby a factor of CB!(CA + CB)' The 
ratio of the impacts on VOUTof VIN versus VIN2 is: 


( aVOUT) 
+ (aVOUT) 
= (8/9)/(1/9) 
= 8 
aVIN 
aVIN2 


Therefore, a voltage change on VIN will affect the volt- 
age seen at VOUT eight times more than the same 
change placed on VIN2' 


0•••=0 
D!T] + 
(ii)cTheeffect of VIN 


VINT 
lOBC~( 
VI =VIN~ 
~ 
.•. 
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0•••=0",-!T] + 
(iv) The effect of initial 
C 
change on CA 


••• + 
0",= (C•••+ Cs)V3 
_CB 
0", 
C.•• 
0B=O V3=~=~V"'1 
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0•••=0 
-l1..-.- 


CI !LCB] 
+ 
(Iii) The effect of VIN2 


.•• '4OB=0 
~ 
..J.: 
V2 = VIN2 
+ 
- 
.•. 


V1N2=== 
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(e) 


Figure 83. Initial Conditions 


6-216 


For example, assume the actual input voltage VANIN 
was 2.5OmV during the sample window. Using EQN 
IV, and assuming VBIAS= 3V and VOFS = 7OmV,we 
substitute and find: 


Vour 
= (VIN + 2.9975) 
X (8/9) + 


(VIN2 + 2.93) 
X (1/9) 


Using successive approximation, 
the first trial input 


voltage attempted corresponds to the digital code 0III 
1111 I1b (127 X 20mV + lOmV). This means that the 
voltage applied to VIN will be the 0111 I1l1b tap and 
the voltage applied to VIN2 will be the 01lOb tap (6 X 
20mV + lOmV = 3 LSB). Substituting these values 
into EQN V we have: 


vour = (2.550 + 2.9975) x (8/9) + (0.130 + 2.93) x (1/9) 


Since the 3V reference is lower than VOUTwith these 
inputs, the comparator will output a 0 which is placed 
in the MSB of the successive approximation register. 
The next most significant bit of the SAR is then zero'd 


and the new ladder tap applied to VIN. The result of 
this second comparison, and the subsequent compari- 
sons are shown in Table BI. The C program used to 
generate Table BI is listed in Listing BI. 


The value selected for VOFSduring the sample window 
may not be obvious. The purpose of VOFSis to inject a 
constant offset in the sampling process so that the con- 
verter's first code transition will occur at 2.5mV. 


Using EQN IV we can quickly see why VOFSis chosen 
to be the fourth resistor tap (4 X 20mV + lOmV = 
7OmV).For VANIN = 2.5mV, we want VOUTto eval- 
uate to VBlASwhen the SAR is OH. 


Vour 
= 
((0.20 mV + 10 mY) + (VSIAS - 
2.5 mY) I X 


(8/9) + {(0.20 mV + 10mY) + (VSIAS - 
70 mY)! 
X (1/9) 


Therefore, ifVOFS = 70 mV, the converter's first code 
transition will be when YANIN = 2.5 mY. 


A to D simulator. 
(center taps) 
•• 
With 
VIN = 0.002500 
VCENT = 3.000000 
VOFF = 0.070000 
SAR = IFFH 
(511) 
VaUT = 5.271111 


SAR = 
FFH (255) 
VaUT = 4.133333 
SAR = 
7FH (127) 
VauT = 3.564444 
SAR = 
3FH ( 
63) 
VauT = 3.280000 
SAR = 
IFH 
( 
31) 
VaUT = 3.137778 
SAR = 
FH ( 
15) 
VauT = 3.066667 
SAR = 
7H ( 
7) 
VaUT = 3.031111 
SAR = 
3H ( 
3) 
VaUT = 3.013333 
SAR = 
IH 
( 
1) 
VaUT = 3.004444 
SAR = 
OH ( 
0) 
VauT = 3.000000 
SAR = 
IH 
( 
1) 
which means 
0.005000 
volts 


'11C1u41"CTJPB••" 
.lllCl,e11 "S71lIO.• " 
/* l.ftpl1 
II'OCIUOI 11••• 


124.11 0.002S 3.0 
0.01 
P 
Yll 
nl.. 
'of. 
prllt 
to .creel 
.ad Ip 


124.11 0.001S 3.0 
0.01 
'In 
Vbl.. 
Vof. 
print to .cr •• 1 oa1y 


lit 
IIlnll. 
arqwl 
lit l: 
cbar 'Irq'll:I 
/' 1111 */ 
FILl *fp, *fopenO: 
doubl1 Illt1l1_COIdltlollJ. 
'11. ,out, 
'Cllt. 
,off. 
'89, '19; 


wlqllld 
lnt nr 
• 0.3FF: 
,nuq..d 
lftt list 
• 01200: 
ou_ 
lIt COUlt• 0; 
unU(lIed lnt prlntoa: 
If (.trC8pfarqwIOJ. "rul" , ==0' 
COUlt•• : 
If /(l 
!= If t r.ountn , It != (S t couatlll 


1 
prlntfl"'IInvOClUOD Irror!l." 
, : 
rltarn: 
I 
COWItH; 
IICllflarllYlcoulUt" 
"SU", "III: 
IICllflar~' 
CODlt•• ). "Slt", 
',celtl; 
IICllf(ifllYlcOIlt •• " 
"SU", ',offl; 
If 'COUlt== l) 
prlltol 
= 0: 
1111 prlntoa = 1: 


If (prlntoal 
I 
If (tip = topenr",pn:", 
",On ==01 
I 
prlnur",llCIa't 
open prlltlr'I"); 
return: 
I 
I 
It Iprlntonl 
fprllttftp. 
"A to DUI,I.tor 
•. "I: 


prlnttr" 
'ltb 
,n'la 
= "'IVetat 
= "11'off 
= Stln". 
'II. 
,celt, 
,offl: 


It Iprlntoa I 
tprlntf/tp, 
" ,Itb 
,aVln = StlnVclnt : ",nVoff 
: It'I", 
,In. 
,calt, 
voff I: 


1Altlll_condltlon. 
: (/8.0 / 9.01 ' I,cant - ,III) 
+ 111.0 / 9.0) * (VClDt- ,otll): 
v89 = 8.0 / 9.0: 
'19 : 1.0 / 9.0: 


inter 


sar '= •• sa: 
prlotft'SAR = 1311 IUd.llt', 
ur, 
Slrl: 
It (p,lltoo) 
fprlltfltP, 
'SAI = I3d (Udl't'. 
SI'. Sir): 
for Ic:out = 0: 
coelt (10: 
COII\t•• , 
I 


'Olt 
= (189 * ((4doobl.1 (." » 211 * 0.02 + 0.0111 
+ ('19 * (fldolIbl.1 (1.1r , 31 « 1)1 t 0.02 + 0.0111 


+ 111t1ll_COIdltloo.: 
11 ',oot ( 'Clltl 
.Ir 
1= •••• 
: 
•••• ): 
1: 
II' '= •••• : 
prlatf,'Volt 
: "'.sA1 : 1311 (Ifdl\t', 
,oot. 'Ir, 
IIrl: 
11 'prlltoel 
f~'lattlfp. 
'VOlt = It'lSAI 
= 1311 (Udllt'. 
'Olt. 
IIr. 
SIr': 
) 
prlntf" 
.blc1l H'I. 
" 
'OIU'I'I'. 
(dolIbl'l nr 
t 0.0051: 
If (priltOlI 
fp,lattff,. 
' ,Uel _. 
" 
'OIU'I'I', 
(dolbl" 
IIr t 0.0051: 
ratl,.; 
I 


inter 


APPENDIX 
C 
ERROR FORMULAS 


The following C program listing contains the routines 
used to calculate AID performance in the Embedded 
Controller Applications lab. Most of the routines re- 
quire floating point arrays to operate upon. In the list- 
ings, the array x[l contains the input voltages corre- 
sponding to each code transition of the converter. The 
array dx[ 1 contains the width of the region in which 
each code transition of the converter could occur. For 
example, an input voltage of 0.003V may cause code 0 
and code I to be equally likely outputs. x[ol would then 
contain 0.003סס OO. However, O-to-I code transitions 
might be observed infrequently through a range of in- 
put voltages from 0.0025V to 0.0035V. dx[ol would 
then contain 0.00Iסס oo to indicate that there is a 
I millivolt window in which either code could occur. 
x[ land 
dx[ 1 are generated by hardware doing repeat- 


ed conversions using precision voltage standards to pro- 
vide the 
input 
voltages. The 
array 
dd[ 1 is used 


throughout as temporary storage. 


Generally, typical data is drawn from x[ 1 only. When 
minimum and maximum data is desired, x[ land 
dx[ 1 


are used to find the range of possible input voltages that 
could cause each code. For example, typical zero offset 
is found by simply subtracting 0.5 LSB from the value 
of x[OJ. But, the minimum and maximum zero offset 
would be calculated as x[ol - 0.5 LSB ± dx[ol/2. 


The listings are provided to show exactly how perform- 
ance data is calculated. They are not meant to be com- 
piled by the reader. In fact, they are too incomplete to 
compile correctly, as some support routines and global 
data structures are not provided. 
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'tnclude 
'\O'I\AJlTIlAC." 
'tnclude 
'\OPIITOWU' 
.IDclu4e '\OPI\IDI4$I.I' 
Idel1le 
I.SJ 
(1IOf ••• cCllpo,(2.I1lUslI) 
.del1 •• Fe! IIDtHpo'f2,lbttl) 
- 21 
to.t III 
'uD4et III 
IallCllt IDI 


dOODlepo,(a, Dl 
tAt a, b:( 
,t pow t, 
dol1lle t.p: 
tnt 1: 
t.p • 1.0: 
tor (l • I: 
I C. ((lltl 
bl: 
1++, t.p' 
t.p 
t II 


doubl1 tlbs( II 
double I: 
I 
II 
la C 01 
retun 
(-II: 
else return (II: 
I 


lot Iln(I, 
DI 
double I. b: 
/ 
It 
(a ( Dl 
returD (II; 
else It II ) bl 
return /21: 
else returD 101: 
I 


Int 111(1. D) 
double I, D; 
I 
reurn 
(IIOID, Ill: 
I 


dooDletypcottll. 
411 
flolt 
III. 
4111: 


( 
douDlepow'I; 
retun 
11(01 - (O.~ t LSBll: 


) 


40lblt IInoft/l. 
dl) 
float III. 
4111: 


( 
dooDlepowl): 
retUrD 11(01 • (dl(O) I 2.0) • O.S t LSBI: 
I 


inter 


flOit II). 
dill; 
I 
doable poliO: 
retaro (1(0) • (dIIO) I 2.0\ • 0.5 * LSBI: 
I 


doable tn/se(l. 
dll 
flOit II I. dIll; 


{ 
dollble potll; 
retara 
(I(FeY) • (1Ot•.,cc • (1.5 * Will: 
I 


double Iliisell, 
dll 
flOit I( I. dll): 


/ 
doable po,O: 
return ((I(FCTI • (dl(FeYI 12.011 
• rlOt.me 
• (1.5 * LSBIII: 
I 


double lut.e(I, 
dll 
flOit I( I. drll: 


{ 
doable po'O: 
retara 
((1(FeYl • (dIIFeY) 12.011 
- (1Ot•.,cc - (1.5 * LSIIII: 
I 


lit 
nb"rror!I, 
dl. dd, .tert, 
stopl 
1* tnultlol 
aDsollte error *1 
f10lt If). 
dIll. 
4411: 
uu19nec1lIt start .• top: 
( 
double poliO, flb.lI: 
lIt 
I, ,out; 
tor (I = ,out 
= start: 
I (= .top: 
1++1 
I 
dd(ll 
= 1(11 • ((doublel I .0.51 
* LSI; 
1f It.b.(dd(l/l 
) flbs/44(,outlll 
,orst 
= I: 
I 
retara 
(,orstl: 
I 


lot nbllrrordl(l, 
dl, dd•• tert, 
stOPI 1* trul1t101 
absolute error "dl 
*1 
flOit Ill. 
dIll. 
441): 
UDI19ft1dlit 
.tlrt. 
stop: 


{ 
double PO'O, labs II : 
lot I, ,out: 
doable tl, 
t2: 
tor 11 = wurst = stlrl: 
I (= .top: 
1++1 


/ 
tl 
= (111) • (dl(ll 
I 2.011 - ((/doublel I • 0.51 * LSBI: 
t2 = (1(11 • fdl(11 I 2.011 - (((doablel I • 0.51 * LSBI: 
If It.bsftll 
) f.bllt211 
dd(l) 
= tl: 
elll 
44(1) = t2: 
1f (f'bs(dd(11l 
) fab'fdd(wuUl1l1 
,orst 
= I; 
I 
retarl 
{wurstJ ; 
I 


L1stlng,c1. 
Error 
Formulas 
(Continued) 
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lit 
tbllolllllrl, 
dl, H, stlrt, 
stopl 
,'tb 
_III 
IS1~I oaly " 
flOit III, 
dll I. del": 
uulqltd 
lot stlrt, 
stop: 
I 
lot I, ,orst; 
double 'PO'O, tYPIoffO, typfltO, 
flbsll: 
double'OIdj. qldj: 


014.1= tYPlofffl, 
dll; 
qldj 
= 1.0 • l(typfsefl, 
dli - OIdjl , I(stopll: 


for (I 
= ,orst 
= stlrt; 
1 (= stop: 
1++1 
I 
ddll/ 
= (1111 - OIdjl ' ql'j 
• f!ldoIbltl 
1 + 8.51 ' LSIl: 


If (flbsldel(1)1 ) flbs(delJworatlll 
,out 
= 1; 
1 
return (,orst I: 
1 


lot tbftOlllladl(I, dl, dd, stlrt, 
stop. 
,'tb 
801111ullq 
I IIId dl ., 


flOit Ill. 
dill. 
H[I: 
UUlqllld lit 
stlrt, 
Itop: 
( 
lot I, ,orat: 
doablt potO, typloffO, 
typlltO, 
flblll: 
doublt OIdj. qldj, 
tl, 
t2; 


OIdj = tYPIoffll. 
dll; 


qldJ = 1.0 + (Itypfst(I, 
dli - OIdJI 'l(stOPII; 


for It 
= wout 
= start: 
I (= .top: 
Iu I 
( 
tl 
= 11[11 • IdllI) 
I Z.OI - CNIdJ)* q'dJ • llldOOb1'1 I • O.SI * LSlI: 


tZ = 11(1) • (dI[11 I Z.OI - CNldJI * gadJ - l((dOOl.) 
I • G.SI * WI: 


If Ifab.ml 
) fosltZII 
HilI 
= t1: 
.1•• ddl1l • tZ: 
If (fabsid41111 ) foSld4[woutlll 
lout. 
I; 


1 
retarD (wout I: 
1 


IAt Idalll. 
dr. dd.• urt, 
.tOPI 
float III. 
dill. 
ddl): 
lat start. 
atop: 


{ 
lat I, WOrlt: 
dOIbl. polO. 
faba(l: 
doa.1. oadJ, qadJ: 
doOle typ'"O, 
typaoff f1: 


oadJ • typloff(I, 
dll: 
gadJ = 1.0 • ((tntf"!I, 
dll • oadJI I II.topll: 


lorat 
•• tart: 
If (start 
== 01 
( 
dd/OJ = 0.0: 
sUrtu: 
I 
for (I = start: 
I (•• top: 
IU' 
I 
ddll) : (Ill) 
• oadjl * qadJ 
- 1111- 1) - oadjl * gadJ 
• LS): 
It /fab.lddllll 
) ftb.{dd[woutlll 
lout 
= I: 
I 
r.tura 
Ilout): 
1 


lat 101dlll. 
dl. dd, surt, 
.to,1 
float III, 
dill. 
ddll: 
lat surt, 
stop: 
( 
lat I, wout: 
doabl. poll J. fabsO: 
doubl. t1, tZ: 
doobl. oadJ. gadJ: 
doob1. typfs.lI, 
typaofffl: 


oad.l = typloffll, 
dll: 
9adj = 1.0 • lIty,''''I, 
dll • oadJl I IlstoP)}: 


lout 
= start: 
It lIurt 
~. 01 
( 
ddlO) : dl(OI I Z.O: 


inter 


.urt": 
I 
for il •• tlrt: 
1 (: .top; 
I'" 
1 
11 : 11(1) 
- (dl(1) 12.01 
• OIdj) 
, g.dj 
·(1(1 
• II • 141(1 • I) 
/ 2.01 • Old.! I , QldJ 


• LSJ: 
t2 • 11(1) • 141(1) 
/ 2.01 • OIdjl 
' 
9IdJ 
"1(1 
• 1) • 14111 • 1) / 2.0) 
- OIdJ) 
• ~.dj 
.. LSI: 
It (f1b'IUI ) f.b.ft211 
H(1) 
• tJ: 
.111 deI(ll 
= t2; 
It (flb.ldd(l)l 
) flb./H(,mi)ll 
,out = 1: 
I 
r.tur. 
f,out): 
I 


int r.II."I.'I. 
drl 
/' find. rllolutlon II 1."1. 
'/ 
flOit II J. 411): 
I 
lit l. 1."ls, I: 
doubl. 
pow/): 


1".11 
= 1: 
•• 
I1ntl 
pow/2, Ilbtlll • I: 
If 
(11(0) 
- Idl(Oj 
I 2.01 
) 0.011 
le"Is++; 


tor (I • I; 
1 (I: 
1"1 
1t 
11111 - 11 • Idl(1 
• II / 2.011 
( /1(11 - Idllli 
/ 2.01 • tPlfll.flH_.t.pll 
I.ve"": 
r.turn /lev.II); 
I 


inter 


APPENDIX 
D 
SAMPLE CONVERTER 
DATA 


The followingpages include printouts describing the 
performanceof an 8097BH.The data shown is for one 
device and is provided for illustrative purposes only. 
Users should only rely upon data sheet specifications 
for the exact devicethey are designingwith. 


VREF = 5.120 volts. FollowingTable D2 are several 
error plots that describe Absolute Error, Terminal- 
based Non-Linearity, Differential Non-Linearity and 
Repeatability for the test device code-by-code. The 
y-axis in the plots is the error in volts for each code 
transition, where code transitionsmake up the x-axis. 


Table D1 summarizesmany performancemeasuresfor 
one converterat 25 C, 12MHz, Vcc = 5.00voltsand 


Test 
In = DOH 
sN: 4130 
(1022H) 
T = 25.000000 
Vcc = 5.000000, 
Avec = 5.120000 
Freq = 12.000000 
Chan. = 3 
States 
= 188 
Mode = OH 
XO.15 1/28/87 
Transition 
Characterization 
Parameter 
Listing 
Large 
Step = 0.001000 
V 
Small 
Step = 0.000100 
V 
Endpoints 
when 
(1/100) 
are 
wrong 


Center 
is 
50 percent 


Typical 
Offset 
Error 
= -0.001923 
Maximum Offset 
Error 
= -0.002460 
Maximum Offset 
Error 
= -0.001385 


Typical 
FS Error 
= -0.000566 


Maximum FS Error 
= -0.001254 
Minimum FS Error 
= -0.000120 


Absolute 
Error 
(typ) 
40 
= 0.004157 
Absolute 
Error 
(max) 40 
= 0.004795 
Absolute 
Error 
(min) 
325 = 0.001111 


Ditt. 
Non. Lin. 
Error 
(max) 40 = 0.003747 
Ditf. 
Non. Lin. 
Error 
(min) 
FF = -0.001071 


Term. 
Non. 
Lin. 
Error 
(max) 325 = - 0.004102 
Term. 
Non. Lin. 
Error 
(min) 
40 = 0.002148 


Maximum Reliability 
Error 
3D1 = 0.001875 


Minimum Reliability 
Error 
3A7 = 0.000974 


inter 


yllR' 
yIIl' 
-0.0052 
• 0 - 
0.0052 
, 
.. 
._1 
. 
1 
, 


1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 


0: 
0.002460: 
I: 
0.0022U: 
2: 
0,002257: 
3: 
0.002171: 
4: 
0.002591: 
5: 
0.002201: 
b: 
0,002334: 
7: 
0.002172: 
8: 
0.002579: 
9: 
0.00213b: 


A: 
0.002263: 
M: 0,002219: 
C: 
0.002652: 
P: 
0.002230: 
£: 
0.002280: 
F: 
0.002062: 
10: 
0.002581: 
11: 
0.002203: 
12: 
0.002440: 
13: 
0.002165: 
U: 
0.002578: 
15: 
0.002129: 


16: 
0.002262: 
1'/: 
0,002192: 
16: 
0,002533: 
19: 
0.002223: 
lA: 
0.002383: 
II: 
0,002300: 
IC: 
0.002473: 
10: 
0.002268: 
Ii: 
0.002418: 
IF: 
0,001994: 
20: 
0,002141: 
21: 
0.002392: 


22: 
0.002516: 
23: 
0.002392: 
24: 
0.002713: 
25: 
0.002588: 
26: 
0.002612: 
21: 
0.002299: 
28: 
0.002681: 
29: 
0,002580: 
2/.: 
0.002613: 
21: 
0.002424: 
2C: 0.002787: 
2D: 0.002f117: 
2£: 
0.002733: 
2F: 
0.002246: 
30: 
0.002865: 
31: 
0.002534: 


32: 
0.002605: 
33: 
0.002155: 
34: 
0.002841: 


3~: 
0.002M5: 
36: 
0.602698: 
31: 
0.002!)21: 
38: 
0.002945: 
39: 
0.002823: 


:lA: 
6.003036: 
JI: 
0.00215~: 
X: 
0.002959: 


38: 
0.002819: 
31: 
0.003106: 
31: 
0.002419: 
40: 
0.004194: 
41: 
0.004299: 
42: 
0.004S32: 
43: 
0.004334: 
..: 
0.004646; 
45: 
0.004081: 
f6: 
0.004!i26: 
41: 
0.00U'/3: 
48: 
0.004511. 
49: 
0.004224; 
4A: 
0.004"3: 
'I: 
0.00f282: 
fe: 
0.004584: 
40: 
0.004149: 
41: 
0.00".; 
4F: 
0.003958: 
SO: 
0.004518. 
51: 
O.OOt30l: 


52: 
0.OOU91. 
53: 
0.OOt020. 


54; 
0,004218: 
55: 
0.004059: 


~: 
0.004220. 
51. 
0.004132; 
58: 
0.oot319. 
!f9: 
0.00toI2: 
~. 
O.00tl85: 
51. 
0.004011, 
5C: 
0.004334: 
50; 
0.003908. 


~I; 
O.OOtl1?: 


5': 
0.003589; 
60: 
0.003916: 
61: 
0.003153: 
62: 
0.0039~: 
63: 
0.003849: 


64. 
0.003969: 
65. 
0.003566: 
66. 
0.003188: 
61: 
0.003611: 
68: 
0.003519: 
69: 
0.003404; 


€lA: 
0.003399: 
61: 
0.003459; 
6C: 
0.003583. 
60; 
0.003245: 
61. 
0.0034SO. 
6F: 
0.003200: 
10: 
0.003408: 


inter 


1): 
~.00J20J: 
n: 
G.OC,lZ:lt: 
'/3: 
0.003201: 
7i: 
0.003281: 
1~: 
0.002882: 
76: 
0.003161: 
7'/: 
0.003112: 
78: 
0.003000: 
7~: 
0.002833: 
7A: 0.002989: 
78: 
0.002932: 
7C: 0.00292.: 
70: 
0.0027161 
7£: 
0.002759: 
7V: 
0.002027: 
80: 
0.003422: 
81: 
0.0031291 
82: 
0.OO~3?2: 
83: 
0.0031691 
8., 
0.003202: 
85: 
0,002953: 
86: 
0.003086: 
8'/: 
0.002897: 
88: 
0.003038: 
89: 
0.002H6: 
841 0.002983: 
88: 
0.007.6231 
&C: 0.002813, 
80: 
0.002593' 
8£: 
0.007..8~: 
8f: 
0.002US: 
90: 
0.002791: 
91: 
0.0026.7: 
92: 
0.002812: 
93: 
0.002576: 
9.: 
0.002bll2: 
95: 
0.002514: 
'16: 0.002711: 
9'/: O.oouos: 
98: 
0.002593: 
99: 
0.0022611: 
94: 
0.002550: 
98: 
0.0023.0: 
'!C: 0.002f12, 
90: 
0.002118: 
9t: 
0.002303: 
9F: 
0.00175.: 
40: 
U.002191: 
AI: 
0.001893: 
42: 
0.002259: 
AJ: 
0.001986: 
44: 
0.002103: 
A5: 
0.001881: 
46: 
0.002071: 
47: 
0.001933: 
48: 
0.002059: 
A9: 
0.001792: 
AA: 0.001'167: 
48: 
0.001776: 
4C: 0.00186.: 


inter 


AD: 0.001592: 
AI: 
0.001181: 
AF: 0.001538: 
80: 
0.001906: 
II: 
0.001124: 
12: 
0.001887: 
13: 
0.00117J: 
14, 
0.001585: 
IS: 
0.001598: 
16: 
0.001650: 
87: 
0.001554: 
88: 
0.001715: 
B9: 0.001545: 
h: 
0.001653: 
BI: 
0,001474: 
Be: 0.001467: 
BD: 0.001384: 
aE: 
0.001588: 
IF: 
0.001028: 
co: 
O.Oo32lt: 
CI: 
0.002914: 
f.l: 
0.00291>6: 
C3: 0.002779: 
C4: 0.0030871 
C5: 0.002717: 
C6: 0.0030%: 
C7: 0.002806: 
C8: 0.003030: 
C9: 0.0027%: 
CA: 0.002642: 
CB: 0.002885: 
ec: 
0.003OfOl 
CD: 0.002719: 
eE: 
0.002878: 
CF: 0.002742: 
00: 
0.002845: 
01: 
0.002546: 
02: 
0.002790: 
D3: 0.002395: 
Ot: 
0.002848: 
OS: 0.002487: 


Ilf>: 
0.002768: 
07: 
0.002700: 
03: 
0.002681: 
09: 
0.002617: 
OA: 0.002755: 
PB: 0.002643: 
DC: 0.002684: 
00: 
0.002398: 
DE: 0.002553: 
OF: 0.002223: 
EO: 0.002403: 
El: 
0.001878: 
£2: 
0.002U9: 
B3: 0.002206: 
£4: 
0.002083: 
E5: 0.002055: 
£6: 
0.002288: 
£7: 
0.0021H: 
18: 
0.002356: 


inter 


19: 
0.007.7.25: 
£A: 0.002263: 
II: 
O.OOZIIJ: 
Ie: 
0.00Z233: 
P: 
o.oo;mz: 
II: 
0.002369: 
KP: 0.002149: 
FO: 0.002216: 
PI: 
0.001041: 
Fl: 
0.002051: 
F3: 
0.001935: 
H: 
0.001965: 
FS: 0.001729: 
~6: 
0.001919: 
n: 
0.001899: 
F8: 
0.001589: 
F9: 0.oom8: 
FA: 0.001935: 
F8: 
0.001156: 
Fe: 
0.001915: 
FD: 0.001832: 
FE: 0.001920: 
FF: 
0.001041: 
100: 0.00Z291: 
101. 0.002008: 
102: 
0.002296: 
103: 0.001915: 
104: 0.001946: 
105: 0.001814: 
106: 0.001804: 
101: 0.001811: 
108: 0.002135: 
109: 0.001921: 
lOA: 0.002009: 
101: 0.001832: 
IOC: 0.001903: 
10D: 0.001694: 
101: 0.001838: 
lOP: 0.001537: 
110: 0.001681: 
III: 
0.001436: 
IIZ: 
0.001130: 
113: 0.001631: 
114. 0.001636: 
lIS: 
0.001314: 
Jl6: 
0.001550: 
117: 0.001500: 
118: 0.001530: 
119: 0.001411: 
lIA: 
0.001390: 
11.: 
0.001211: 
lie: 
0.001321: 
liD: 
0.001014: 
111: 0.001268: 
liP: 
0.000814: 
120: 0.001t01: 
121: 0.001052: 
IZ2: 
0.001193: 
123: 
0.001106: 
124: 
0.001253: 


125: 0.000758: 
126: 0.00095~: 
127: 
0.000976: 
123: 0.001080: 
129: 
0.000931: 


12A: 0.001181: 
121: 
0.001018: 


12C: 0.000959: 
12.: 
0.000862: 


128: 0.000812: 
12F: 0.000813: 
130: 0.000933: 
131: 0.000671: 
132: 0.000811: 
133: 0.000634: 
134: 0.00092'1: 
135: -0.000647: 
136: 0.000888: 
137: 0.000539: 
138: 0.001027: 
139: 0.000850: 
13A: 0.000749: 
13.: 
0.000809: 
13C: 0.001032: 
130: 0.000788: 
13£: 0.000963: 
13F: -0.0006811 
HO: 
0.002218: 
141: 0.002186: 
142: 0.002327: 
143: 0.002196: 
1«: 
0.002«7: 


145: 0.002267: 
146: 
0.002435: 


147: 0.002385: 
H8: 
0.002554: 


14'1: 0.002284: 
HA: 
0.002420: 
148: 0.002482: 
IfC. 
0.002523: 


140: 0.002299: 
141: 0.002303: 
ifF: 
0.002097: 


150: 0.002267: 
151: 0.002127: 
152: 0.002312: 
153: 0.002092: 
154: 0.00226f: 
155: 0.00197b: 
151>: 0.002034: 
151: 0.002OOf: 
158: 0.002235: 
159: 0.001959: 
15A: 0.002071: 
158: 
0.002048: 
ISC: 0.002104: 
150: 0.001998: 
158: 
0.002110: 
15F: 0.001935: 
160: 0.002075: 


161: 
O.oorlSS: 
162: 0.001922: 
163: 0.001106: 
164: 
0.001984: 


16S: 0.001481: 
166: 0.001830: 
WI: 
0.001812: 
1~: 
0.001981: 


169: 0.001880: 
164: 
0.002022: 
161: 0.001136: 
16C: 0.001813: 
160: 0.001595: 
16£: 0.001620: 
16F: 0.0011>49: 
110: 0.001110: 
111: 
0.001492: 
112: 0.00163S: 
113: 
0.001512: 
114: 0.001125: 
115: 0.001534: 
116: 
0.001601: 


111: 0.001521: 
118: 0.001143: 
119: 0.001443: 
114: 
0.001623: 


118: 0.00IS18: 
I1C: 0.001528: 
110: 0.001386: 
171: 0.001466: 
I7F: 
0.001451: 
180: 
0.001911: 
181: 
0.001741: 
182: 0.001816: 
183: 0.001101: 
184: 0.001894: 
185: 0.00IS98: 
186: 0.001600: 
187: 0.001498: 
lea: 
0.001111: 
IR9: 0.001478: 
leA: 
0.001654: 
181: 0.001591: 
18C: 0.001732: 
laD: 
0.001404: 
181: 0.001S36: 
18F: 0.001411: 
190: 0.001811: 
191: 0.001467: 
192: 0.001312: 
193: 
0.001370. 


194. 0.001323: 
19S: 0.001306: 
196. 
0.001429: 
197: 0.001025: 
198: 0.001585: 
199: 
0.001281: 
194: O.ool46S: 
191: 
0.001323: 
lCJC: 
0.001540: 


inter 


190: 0.001262: 
191: 0.001245: 
19F: 0.001201: 
lAO: 0.00IU3: 
IAI: 
0.001170: 
\42: 
0.001361' 
143: 
0.001321, 
lA4: 
0.001181: 
\45: 
0.000872: 


°IA6: 0.001086: 
147: 0.001080: 
148: 0.001l9S: 
lA9: 0.001138: 
144: 0.001204: 
lAI: 
0.001230: 
lAC: 0.001210, 
lAD: 0.000971: 
lAE: 0.001083: 
lAF: 0.001274: 
110: 0.001211: 
181: 0.001133: 
182: 
0.001069: 
113: 0.001095: 
IB4: 0.001065: 
IB5: 0.001081: 
IlMl: 
0.001124' 
187: 0.001079: 
IN: 
0.001040: 
189: 
0.001081: 
IBA: 0.001183: 
III: 
0.001297: 
IIC: 
0.001124: 
UD: 
0.00100f1, 
181: 0.001046: 
IIF: 
0.001061: 
lCO: 0.002475: 
ICI: 
0.002358: 
le2, 
0.002538: 
lC3: 
0.002457: 
lC4: 
0.002712: 
lC5: 
0.002415: 
IC6: 0.002579: 
IC7: 0.002436: 
IC8: 0.002796: 
IC9, 
0.002388: 
lCA: 0.002368: 
ICI: 
0.002426: 
ICC, 0.002661, 
ICD: 0.002462: 
ICI: 
0.002497: 
ICI, 
0.002396: 
100, 
0.002617: 
101, 0.002399: 
102: 0.002503: 
103: 0.002f53: 
104: 0.002623: 
105: 0.002U4: 
106: 0.OO2f23: 
107: 0.002490: 
108: 0.002606: 


ID9: 0.002351: 
10.: 
0.002139: 


101: 0.002382: 
IllC: U.002f26: 
100: 
0.002316: 


IDE: 0.00211$: 
11': 
0.002531: 


IEO: 0.002583: 
1£1: 
0.002038: 


IEl: 
0.002311: 
113: 0.002013: 
III1 
0.002350: 


1£5: 
0.002166: 
116; 
0.002351: 
1111: 0.002363: 
.£8: 
0.002155: 


I~: 
0.002002: 
1111: 0.002299: 
III: 
0.002116: 


lEe: 
0.002219; 


ItD: 
0.002012: 


11£: 0.001'l6O: 
lIP: 
0.002221: 
IFO: 0.002311. 
1'1. 
0.001910: 


IF21 0.002086. 
1'3: 
0.002310: 


1ff: 
0.002188: 


1'5: 
0.002015: 


IF6: 
0.002065: 
In: 
0.002261: 


1•• : 
U.002187: 


1'9. 
0.002002: 
lFA: 0.002120: 
In: 
0,002133: 


lFe: 
0.002158: 
IFD: 0.001937. 
lFE: 
0.002019: 
IFF: 
0.001409: 


200: 
0.001819: 


201: 
0.001707: 


202: 
0.0019051 


203: 
0.001557: 


201: 
0.00165&: 


205: 
0.001661: 
206: 
U.001683: 


207. 
0.001595: 
2081 0.0015351 
20.: 
0.001179: 


20A: 0.001610: 
201: 
O.OO1fSfI 


2OC: 0.001370: 
200: 
0.001262: 
20£; 
0.001119: 


lOFt 
0.00~3: 


210: 
O.OOIlOS. 


211: 
0.001011: 
2121 0.001168: 
213: 
0.0011931 


21f: 
0.001.20: 


7.15: 0.001162: 
2l6: 
0.001323: 
217: 
0,001268: 


218: 
0.0012%: 
219: 
0,001147: 
2U: 
0,001036: 
7.18: 0.001170: 
21C: 0.001551: 
21b: 
0,001065: 


21£: 
0.001216: 


21F: 
0,000666: 


220: 
0.001J04: 


221: 
0.000988: 


222: 
0.001207: 


223: 
0,001066: 


224: 
0.001079: 
225: 
0.001029: 


226: 
0.000971: 


227: 
0.000968; 
228: 
0.001203: 


229: 
0.000949: 
22A: 0.001026: 
l28: 
0.001051, 
22C: 0.001118: 
22D, 0.000887: 
221, 
0.001149; 


22f: 
0,000738: 


230: 
0.001214: 


23l: 
0.000920: 
232: 
0.001203: 
233: 
0.000978: 
234: 
0.001203: 
235: 
O.OOI08l: 
236: 
0.001003: 
237: 
0.001053: 
238: 
0,001235: 
239: 
0.000705: 
23A, 0.001066: 
7.38, 0.000924, 
2X: 
0.001087: 
23D: 0.001000: 
23£: 
0.001006: 
23F: -0.000785: 
240: 
0.002137: 


241: 
0.001968: 
242: 
0.0021%: 


lU: 
0.002027: 


2ft: 
0.002IliZ: 


245: 
0.001918: 
246: 
0,002075: 
247: 
0.001871: 
248: 
0.002060: 


249: 
0.002108, 
24AI 0.002100: 
241: 
0.0020601 


2tc: 
0.0022171 


lfD: 
0.002035: 
24K: 0.002245: 
24': 
0.002190: 
250: 
0.002415: 


inter 


280: 
0.0016l0: 


281: 
0.001~99: 
28F: 
0.001S36: 
290: 
0.OOI5~: 


291: 
0.00U23: 


292: 
0.001437: 


293, 
0.0012~5: 
294: 
0.001423: 


295: 
0.0011~1: 
296: 
0.001336: 


297: 
0.001311: 


298: 
0.001308: 


299: 
0.001125: 
29A: 0.001060: 
298: 
0.001134: 
29C: 0.001209: 
290: 
O.OOOllS6: 


29li: 
0.001095: 
29F: 
0.000790: 
2AO, 0.000988: 
lAI: 
0.000839: 
W: 
0.001122: 
2A3: 0.000913: 
lA4: 
0.000971: 
lA5: 
0.000710: 
lA6. 
0.000879: 
lA7: 
0.000807: 


2A8: 0.001102: 
2A9: 0.000720: 
lAA: -0.000620: 
2AB: 0.000799: 
lAC: 
0.000991: 
lAD: 0.000727: 
2At: 
0.0006II4: 
lAF: 
0.000683: 


280: 
0.000713: 


281: -0.000782: 
282: 
0.000601: 
283: -0.000704: 
284: 
0.000647: 
285: -0.000815. 
216: -0.000685: 
287: -0.000716: 
288: 
0.000688: 
289: -0.000764: 
leA: 
-0.000661: 
288: -0.000781: 
21e. 
0.000904: 
Z8D: 0.000101: 
28£: 
0.000763: 


28F: 
0.000844: 


2CO: 0.002248: 
2CI: 
0.001988: 
2C2: 0.002ll7: 
2C3: 0.002005: 
2Ct, 
0.002215: 
2C5l 0.002183: 
2C6: 0.002092: 
2C7: 0.002171: 
2C8: 0.002366: 


2C'l: 0.002105: 
2eA: 0.002047, 
lei: 
0.002a2: 
2ec: 
0.002308: 
2CO: 0.002226: 
2CI: 
0.002106: 
2CF: 0.001931, 
200: 
0.002298: 
201: 
0.001963: 
2D2: 0.002106: 
2»3: 
0.0020a: 
20.: 
O.OOll36: 
lO~: 
0.00m9: 
206: 
0.002152: 
2D7: 0.002205: 
208: 
0.002087: 
209: 
0.001866: 
20A: 0.00l304: 
201: 
0.002234: 
2DC: 0.002308: 
200: 
0.001769: 
20B: 0.0021~~: 
20F: 
0.002034, 


2EO: 0.001801: 
211: 
0.001788: 
2£2: 
0.001813: 
213: 
0.001724: 
2£4: 
0.001537: 
2£5: 
0.001622: 
2£6: 
0.001797: 
2£7: 
0.001799: 
2£8: 
0.001720, 
2£9: 
0.001537: 
2EA: 0.001715: 
2E1: 0.00138~: 
2BC: 
0.001687: 
210: 
O.ooa64: 
2BI: 
0.001508, 
2£F: 
0.001373: 
2FO, 0.001488: 
2FI: 
0.001379: 
2F2: 
0.001508: 
2F3, 
0.001325: 
2": 
0.001385, 
2F5: 
0.001225: 
2'6: 
0.001381: 
2'7: 
0.001301: 
2'8: 
O.OOH68: 
2'9: 
0.001136: 
2F4: 
0.001032: 
lfJ: 
0.000957: 
2FC: 0.001102: 
2FD: 0.001088: 
2F£: 
0.000999: 


2PF, 0.001571: 
300: 
0.001484: 
301: 
0.001278: 
302: 
0.001463: 
303: 
0.001298: 
304: 
0.00Il82: 


inter 


305: 
0,001267: 
300: 
0.001317: 
307: 
0.001lS4: 
308: 
0.001373: 
J09: 
0.001001: 
3OA: 0.001208: 
308: 
0,00113.: 
3OC: 0.0012S8: 
30D: 0.001135: 
30B: 0.001168: 
30F: 
0.000971: 
310: 
0.001021: 
J1l: 
0.000689: 
312: 
0.0009'lO: 
313: 
0.000857: 
3•• : 
O.~.: 
315: 
0.000651: 
316: 
O.OOO·I'H: 
317: 
0.0007•• : 
318: 
0.000790: 
319: 
0.000702: 
314: 
0.00072., 
JII: 
0.000613: 
lie: 
0.000823: 
3ID: 0.000691: 
31E: V.000789: 
31F: -0.000870: 
320, -0.000695, 
321: -0,000923, 
322: -0.000711.: 
32:1: -0.0008.5: 
32.: -0.000707: 
325: -0.001111: 
326: -0.000TI6: 
327: -0.000991: 
328: -0.000893: 
329: -0.0010~9: 
32A: -0.000888: 
J2B: -0.001001: 
32C, 0.001505: 
320: 
O.OOU50: 
328: 0.00"38: 
32F: 0.0013S8: 
330: 
0.001612: 
331: 
0.001368: 
332: 
0.001MS: 
3J3: 
O.OOlt82: 
33.: 
0.001753: 
335, 
O.00I66f: 
336: 
0.001732: 
337: 
O,OOIS82: 
338: 
0.001li61: 
33q: 
O.OOH72: 
33A: O.Ol/U72, 
331: 
0,001522: 
3X, 
0.001702: 
33D: 0.001371, 
331: 
O.OOIS4S: 
33F: 0.001281: 
340: 
0.002960: 


intJ 


m: 
0.002109: 
342: 
0.00~828: 
3'3: 
U.002~2: 
3f4: 
0.002184. 
345: 
0.002119: 


346: 
0.002590: 
M1: 
0.00281\: 
M8: 
0.0030a: 
M9: 
0.003003: 
3U: 
0.002n3: 


Jfb: 
0.0021": 
Me: 
0.00303\. 
34D: 0.002672: 
34£: 
0.0028~. 


34F. 
0.002906. 


350. 
0.002960: 
351: 
0.002742: 


352: 
0.002836: 


353: 
0.0027~: 
3~: 
0.003072: 
355: 
0.002821: 
356: 
0.003011: 
357: 
0.003037: 
358: 
0.002763: 
359: 
0.002649: 
35.\: 0.00259S: 
358: 
0.002713: 


J~: 
0.002'/93: 
350: 
0.002479: 


35£. 
0.002709: 
35F: 0.002716: 
3f>(I, 0.002505: 
361: 
0.002437: 
362. 
0.002451: 
363: 
0.002320: 


364: 
0.002"8: 
365: 
0.002264: 


366: 
0.002375: 


:167: 0.002312: 
368. 
0.002421. 
369: 
0.002251: 
36.: 
0.002330: 


368: 
0.002272: 


:l6C: 0.002269: 
36D: 0.001925: 
36£: 
0.002158: 
36F: 
0.002229: 
370: 
0.001.246: 
37l: 
0.001929: 
372: 
0.002095: 
373: 
0.002046: 
31.: 
0.002085: 
375: 
O.ool87b: 
316: 
0.001926: 
PI: 
0.0020391 
378: 
0.001961: 
379: 
0.001932: 
37.: 
0.002019: 
37.: 
0.001950: 
37C: 
0.001922: 


37D: 0.001815: 
3"1£: 0.001689: 
:17F: 0.002200: 
380: 
a.002OM: 


Jel: 
0.001764: 


:182: 0.001910: 
383: 
0.001915: 


JIl4: 
0.00IClI3: 
385: 
0.001866: 


386: 
0.001889: 


387: 
0.001800: 


388: 
o.oorl7Cl: 
38~: 
0.0014SfI 
38A: 0.001584: 
381: 
O.oolt77: 
38C: 0.OOH69: 
38D: 0.001268: 
381: 
0.001562: 


38P: 0.001268: 
390: 
0.001568: 
391: 
0.0009f6: 
392: 
0.001f23: 
393: 
0.001232: 
394: 
O.OOlfCl9: 
395: 
0.001255: 


396: 
0.001087: 


3Cl7: 0.001265: 
3C18: 0.00lt21: 
399: 
0.001169: 


39A: 0.001269: 
3Cl1: 0.001245: 
39C: O.OOIUO: 
39.D: 0.001153: 
3Cl1: 0.00H02: 
3ClF. 0.001260: 
JAO: 0.001363: 
3AI: 
0.00U4S: 
3A21 0.001221: 
JA3: 0.001155: 
3•• : 
0.001452: 
3A5: 0.001302: 
3A6: 0.001138: 
3A7: 0.001079: 
JA8: 0.001378: 
JA9: 0.001043: 
3•• : 
0.001145: 
JAI: 
0.001207: 
3AC: 0.001161: 
JAO: 0.001133: 
JAI: 
0.001137: 


3AP: 0.001175: 
310: 
0.001159: 


311: 
0.000747: 
312: 
0.000927: 
313, 
0.000883: 


314: 
0.001127: 
315: 
0.000784: 
316: 
0.001002: 
317: 
0.001058: 


318. 
0.000Cl07: 


inter 


Je~: 
0.000757.: 
Ja.: 
0.000941: 
JlI: 
0.000972: 
lie: 
0.000'M9: 
JlD: 
0.000972: 
311:: O.OOO!I96: 
JIF: 
0.001226: 
XO: 
O.OOI%l: 
Jet: 
O.ooISM: 
3C2: O.OOlfO.: 
3C3: 0.001950: 
Xf: 
0.002170, 
JeS: 
0.001896: 
3C6: 0.002007: 
3C'1: 0.001877: 
3C8: 0.002183: 
:lC9: O.00200f: 
3C.I, 0.002163: 
3C8. 0.002036: 
JCC: 0.002131: 
3CD: 0.002017: 
XI: 
0.001908: 
XF: 
0.001909: 
300: 
0.002159: 
3DI: 0.002189: 
312: 
0.0019116: 
3D3: 0.001811: 
3N: 
0.001939: 
3DS: 0.00If09: 
316: 
0.001920: 
lD7: 
0.001776: 
3N: 
0.002061>: 
3D9: 0.001764, 
JaA: 
0.00187f: 
3N: 
0.001881: 
3DC: 0.001'M2: 
300: 
0.001800: 
3D!: 
0.001838: 
3IP: 
0.001993: 
31:0: 0:001739: 
3El: 
0.001712: 
312: 
0.001616: 


313: 
0.001576: 
3U: 
0.00IeI2: 
315: 
0.001652: 
316, 
0.001872: 
31'1. 0.001730: 
318: 
0.00IM8: 


389: 
0.001693: 
JLI. 
0.OOltS7: 


JII: 
0.001631: 
llC: 
0.001738, 
3iD: 
0.001581, 
3D: 
0.001579: 


3EF, 0.0017fO: 
3F0: 
O.OOlfS!: 


3F1: 
O.OOJUI: 
3F2: 
0.001342. 
ll3: 
O.OOlf39: 
3Ff: 
0.001508: 
3FS. 0.001163: 
3F6: 
0.0013fl, 
317: 
0.001340: 
318: 
0.001373, 
319: 
0.001098: 
llAl 
0.001106, 
3n, 
0.0012f5: 
3FC, 0.001320, 
3FD: 0.001O&f: 
3F1: 0.0012M: 
JFF, 
0.0סס OO0: 


inter 


vila' 
YlII" 


-0.0037 
• 0 - 
0.0037 
,---------------,'------------------, 
0: -0.000000: 
1: -0.000297: 
2: -0.000256: 
3: -0.000343: 
f: 
0.000031: 
S: -0.000266: 
6: -0.000134: 
7: -0.000397: 
8: 
0.000007: 


9: -0.000386: 
A: -0.000210: 
I: -0.000256: 
c: 
0.00007S: 
D: -0.000247: 
I: -0.000199: 
P: -0.000468: 
10: -0.000000: 
II: 
-0.000330: 


12: -0.000094: 
13: -0.000320: 
14: 
0.000040: 
IS: -0.000409: 
16: -0.000277: 
17: -0.000349: 
18: -0.000009: 
19: -0.000210: 
IA: -0.000112: 
II: -0.000296: 
lC: -0.000124: 
10: -0.000281': 
11: -0.000132: 
IF: -0.000607: 
20: 
0.000137: 
21: -0.000162: 
22: -0.000039: 
23: -0.00021S: 
24: 
0.000104: 


2S: 
0.0000Z8: 
211: 0.o00ooo: 
27: -0.000313: 
28: 
0.000123: 
29: -O.ooooaS: 
U: 
0.סס OO56: 
21: -0.000143: 
zt: 
0.000217: 
21: -0.סס OO83: 
21: 
0.000061: 
2P: -0.000216: 
30: 
0.000290: 
31: 
0.000008: 
32: 
0.000078: 
33: -0.000323: 
34: 
0.0002111 


I 
I , 


I 
I 
'I 
I I 
I ,, 


I 
I 
II 
I 
I 
I 


I I 


" 
I 
, 
I' 
, I 
I'I,t 


* I 
* 


* I 
1* 
I',* 
I I 
, * 
*1 
'* 
* 
, 
I * 
I 
'II 
I * 


inter 


35: -U.000065: 
36: 
0.000165: 
31: -0.000106: 
38: 
0.000409: 
39: 
0.000186: 
3A: 0.000398: 
31: 
0.000166: 
X: 
0.000368: 
30: 
0.000281: 
3&: 0.000513: 
3': 
-0.000215: 
.0: 
0.002In: 
U: 
0.001651: 
.2: 
0.001983: 
U: 
0.0011": 
U: 
0.00199f: 
.5: 
O.OOU1B: 
f6: 
0.001922: 


.1: 
0.001611: 
.8: 
0.001910: 
.9: 
0.001616: 
fA: 
0.001833: 
.1: 
0.001621: 
.C: 
0.001812: 
0: 
0.001585: 
fI: 
0.001111: 
U: 
0.001392: 
50: 
0.001900: 


51: 
0.001682: 
52: 
0.001511: 
53: 
O.OOU98: 
Sf: 
0.001155: 
55: 
0.001.85: 
56: 
0.0015'H: 
51: 
0.OOUS5: 
58: 
O.OOIMl: 
59: 
0.001382: 
SA: 0.001604: 
58: 
0.OOU89: 
5C: 0.001650: 
SD: 0.001323: 
SIl: 0.001536. 
SF: 
0.000952: 
60: 
0.OOH31: 
61: 
0.001163: 


62: 
0.001365: 
63: 
0.001156: 


M: 
0.001215: 
oS: 
0.000911: 


66: 
0.0011.1: 
61: 
0.000923: 
68: 
0.000980: 
69: 
0.oooao3: 
6A: 0.0001'11: 
61: 
0.000806: 
6C: 0.000928: 
60: 
0.000589: 
6£: 
0.000'193. 
6F: 
0.000592: 
10: 
0.000198: 


'I 
I ' 
'I 
1 
I • 
I 
I ' 
I 
I 


1 
, I 
I 
I 
I 
1 
I 
I 
II 
I 


1 
I 
I 
I 
I 
I 
I 
I 
I 
I 


1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1, 
I 
I 
I 
I 
I 
I, 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 


inter 


'1\: 
0.000U2: 
72: 
0.000S76: 
73: 
0.000537: 
74: 
0.000616: 
75: 
0.000216: 
76: 
0.000493: 
77: 
0.000393: 
78: 
0.000330: 
79: 
0.000111: 
"A. 
0.000216: 
78: 
0.000158: 
7C: 0.000U8: 
7D: -0.000060: 
7£: 
0.000081: 
7F: -0.000601: 
80: 
0.0006111: 
81: 
0.0004471 
82.: 0.000588: 
83: 
O:OOOf3t: 
8fl 
0.000566: 
8S1 0.000265: 
86: 
0.000397: 
87: 
0.000157: 
88: 
0.000396: 
89: -0.000196: 
84: 
0.000339: 
88: -0.000021: 
BCI 
0.000166: 
801 -0.00010f: 
8£: -0.000163: 
8P: -0.000285: 
90: 
0.000089: 
91: -0.000055: 
92: 
0.000057: 
93: -0.000129: 
9f: 
0.סס OO1.5: 
95: -0.000194: 
96: -0.0000f8: 
97: -0.0002S5: 
981 -0.000119: 
99: -0.000U5: 
94: -0.0002U: 
98: -0.000376: 
'lC: -0.000305. 
9D: -0.000650. 
9r.: -0.000467: 
9F: -0.000967: 
40: -0.000481: 
AI: -0.000830: 
421 -0.000fI6: 
43: -0.000790: 
At: -0.00057f: 
AS: -0.0008f8: 
46: -0.000709. 
47: -0.000898: 
48: -O.OOOnf: 
A9: -0.000892: 
A4: -0.000768: 
48: -0.000911: 
AC:-0.000824: 


I 
I 
I 
, 
I 
I 
I' 
I 
I 
I 
I 
I 
I 
II 
I I 
I I 
I I 
"II 
I 
I 
I 
I, 
I 
I , 
I 
I I 
I 
, I 
I 


I I 
'I 
I I, I 


""II 
", 


I I 
II 
• I, 


inter 


AD: -0.001097: 
Ail 
-0.000960: 
A': 
-O.OO11Sf: 
10: 
-0.000787. 
II. 
-0.001021: 
12: 
-O.OOO9OQ: 
13: -0.0010241 
IMI -0.001064: 
IS: 
-0.001152: 
16: 
-0.001051: 
87: -0.0011991 
18: 
-0.001089: 
B9: -0.001260: 
IAI -0.0011041 
IB: 
-0.0012ee: 
Je: 
-0.001242: 
10: 
-0.001376: 
BE: -0.00U14: 
B'I 
-0.001735: 
COI 
0.000398: 
Cl: 
O.ooooq7 1 


C2, 
0,000248: 


C3: 
0.0001091 
C4: 
0.0003161 
CSI -O.OOOOSf: 
C6: 
0.000322: 
e1: -0.ססOO18: 
C8: 
0.0002Sf: 
cq: 
0.000018: 
CA: -0.000086: 
CB: 
0.0000051 
cc: 
0.000208: 
CD: -0.000113: 
CI: 
0.000094: 
CP: -0.000093, 
DO, 
0.000058: 
OJ: -0.0001911 
D2: -0.000049: 
D3: -0.000"5: 
D4: 
0.000056: 
05: -0.000306: 
06: 
0.000023: 
01: 
-0.0001451 
08: 
-0.000116: 


OQ: -0.000231: 
DA. -0.000044: 
DB: -0.000158: 
DC: -0.000168: 
DO: -0.000455. 
DE: -0.000301. 
DP: -0.000633: 
EO: -0.000324: 
U: 
-0.000830: 
£21 -0.000421: 
£3: 
-0.000605: 
14: 
-0.000729: 
ES: -0.00070Q: 
£6: 
-0.000521: 
E7: -0.000612: 
E8: -0.000462. 


I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
, 


* 
I 
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, 
I 
I 
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I 
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'I 
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* 
'*I * 
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I 
I I 
I 
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*I I 


*' 
'I 
I' 
1* 
* I 
*1 
I 
I" 
I 
I 
I 
I I 
*1 
* 
I 
* 


inter 


£9: 
-0.00069.: 
IA: -0.000~~1: 
18: -0.000709: 
EC: -0.000540: 
ED: -0.000752: 
IE: 
-0.000557: 
EF: -0.000728: 
FO: -0.00061Z: 
FI: 
-0.000989: 
FZ: -0.000780: 
F3: -0.000tH7: 
Ff: 
-0.000868: 
PS: -0.001156: 
F6: -0.000807: 
F7: -0.001038: 
F8: -0.001Z001 
F9: -0.001222: 
FA: -0.000956: 
PI: 
-0.001087: 
FC: -0.000919: 
FD: -0.001063: 
R: 
-0.000977: 
FP: -0.001857: 
100: -0.000509: 
101: -0.0008&3: 
10Z: -0.000li06: 
103: -0.0008Z8: 
104: -0.0008~9: 
105: -0.000982: 
106: -0.000973: 
107: -0.001042: 
1081 -0.00077~: 
109: -0.001040: 
lOA: -0.000904: 
108: -0.000982: 
lOC: -0.000912: 
JOD: -0.001173: 
10E: -0.001030: 
10F: -O.OOl38Z: 
110: -o.oomo: 
Ill: 
-0.001386: 
lIZ1 -0.001093: 
113: -O.OOlZ44: 
11.: 
-0.00IZ40: 
Il~: 
-0.001~3: 
116: -0.001328: 
117: -0.001480: 
lI8: 
-0.001401: 
119: -0.001521: 
IIA: 
-0.001494: 
IlB: 
-0.001614: 
lIC: 
-0.001565: 
llD: 
-0.00181.: 
liE: 
-0.001621: 
IlF: 
-0.002076: 
lZ0: 
-0.0015411 
JZ1: -0.0018.1: 
122: -0.001101: 
123: -0.001790: 
124: -0.001644: 


lZS: 
-0.002HO: 
126: -0.0019U1: 
127: -O.OOI97S: 
128: -0.0017'72: 
12'1: -0.001967: 
lUI 
-0.001".: 
12.: 
-0.001188: 
12C: -0.001'H8: 
12D: -0.002097: 
1211 -0.002048: 
12F: -0.OO2H8: 
130: -0.001980: 
131: -O.OO22U: 
132: -0.0020St: 
133: -0.002233: 
13t: 
-0.00203'1: 
13S: -0.0023t2: 
136: -0.002883: 
137: -0.002333: 
1381 -0.001896: 
13'1: -0.00212S: 
13A: -0.002171: 
13.: 
-0.002168: 
IX: 
-0.0018'17: 
130: -0.002H2: 
131. -0.002018: 
13F: -0.002t9O: 
1t0: 
-0.000666: 
Ifl: 
-0.000700: 
It?: 
-0.000S60: 
H3: 
-0.0006'12: 
at: 
-0.0004'13: 
14S: -O.OOO72t: 
146: -0.000607: 
1f7: 
-O.OOO6S'I: 
148, -0.0004411 
14'1: -0.000712. 
itA. 
-0.000S78, 
Itl: 
-O.OOOSl', 
ItC: 
-0.000527: 
Ito: 
-0.0007S3: 
14£, -O.0006SO, 
14F: -0.0008S7: 
ISO: -0.000688. 
ISI: 
-0.000880: 
152: -0.000746: 
IS3. 
-0.000'111: 
IS4: 
-0.0001.7: 
IS5: 
-0.000'l86: 
1S6: -0.000'l2'1: 
IS7: 
-0.000'131: 
IS8: 
-0.000731: 
IS'l: 
-0.001008: 
lSA: -0.0008'18: 
1st: 
-0.000'172: 
lSC: -0.000867: 
ISD: -0.00107S: 
ISI: 
-0.000'114: 
ISF: 
-O.OOUtO: 
160: -0.001002: 


161: -0.00Il13: 
162: -0.001051: 
163: -0.001215: 
164: -0.0010.8: 
165: -0.001502: 
166: -0.001155: 
161: -0.00121(: 
168: -0.001100: 
169: -0.001259: 
16A: -0.000968: 
161: -0.001205: 
HiC: -0.001170: 
16D: -0.001"9: 
161: -0.001375: 
16': 
-0.001347: 
170: -0.001218: 
171: -0.001557: 
172: -0.001365: 
173: -O.OOU30: 
17.: 
-0.001328: 
175: -0.001520: 
116: -0.00U55: 
171: -0.00H80: 
178: -0.001315: 
119: -0.001611: 
11A: -0.001338: 
171: -0.OOH8(: 
nc: -0.001(86: 
I1D: -0.001679: 
111: -0.001500: 
17': 
-0.001611: 
180: -0.001098: 
181: -0.001319: 
182: -0.00130(,: 
183: -0.001366: 
18(: 
-0.001230: 
185: -0.OOH18: 
186: 
-0.001377: 
187: -0.001(80: 
188: -0.001309: 
189: -0.001553: 
I": 
-0.001378: 
181: -0.OOU93: 
lac: -0.001353: 
18D: -0.001682: 
181: -0.001502: 
18': 
-0.001678: 
IQO: -0.001229: 
191: -0.00162.: 
192: -0.001671: 
193: -0.00167.: 
19(: 
-0.001612: 
195: -0.0018.1: 
196: -0.001669: 
1~7: -0.00202.: 
198: -0.001(66: 
199: -0.001871: 
19A: -0.001688: 
19.: 
-0.001782: 


19C: -0.001516: 


19D: -0.001"~1 
191: -0.00186t: 
19F: -0.001909: 
lAO: -0.001698: 
lAI: -0.001943: 
IAl: -0.001803: 
1AJ: -0.001894: 
lAI: -0.0019i6: 
lA5: -0.002H6: 
U6: -0.001lJ83: 
U1: -0.0020tO: 
lA8: -0.001817: 
1A9: -0.002035: 
W: 
-0.001921: 
UI: 
-0.001896: 
lAC: -0.001861: 
lAD: -0.002108: 
lAB: -0.001991: 
lAF: -0.001801: 
180: -0.001822: 
181: -0.0020511 
182: -0.001916: 
113: -0.001'191: 
IN: 
-0.001913: 
II~: -0.002108: 
186: -0.002061: 
181: -0.002013: 
1881 -0.002053: 
1": 
-0.002113: 
11A: -0.0019131 
III: 
-0.001950: 
IIC: -0.001911: 
liD: -0.0021": 
III: 
-0.00205~: 
IIF: -0.0020fl: 
1CO:-0.000629: 
IC1: -0.000111: 
IC2: -0.000569: 
IC3: -0.000101: 
ICI: 
-0.00019'1: 
IC5: -0.000116: 
1C6: -0.000533: 
lC1: -0.000617: 
lC8: -0.000119: 
IC9: -0.000128: 
lCA: -0.0006'19: 
ICI: -0.0006f3: 
Ice: 
-0.000509: 
let: 
-O.0001~9: 
lCI: -0.000616: 
IC': -0.000610: 
110: -0.000508: 
ID1: -0.000118: 
1D2: -0.000615: 
ID3: -0.0001261 
lOt: -0.000558: 
IDS: -0.000168: 
186: -0.0001110: 
101: -0.000615: 
1M: -0.000580: 


109, 
-0.000836: 
IDA' -0.000750: 
108, 
-0.0007S8, 
IDe, 
-0.0007IS: 
100, -0.000816, 
101: -0.000701: 
18P: -0.000714, 
110: -0.000663, 
lEI: 
-0.001060, 
112: -0.000828, 
113: -0.GOII07: 
IE4' 
-0.000802: 
liS, 
-0.001037, 
116: -0.000803, 
117, 
-0.GOON3: 
118, -0.000702: 
1E'l, -0.0011S6, 
lEA' 
-0.000861: 
1E8: -O.00096S: 
lEe: 
-0.000933: 
lED' 
-0.001142: 
UE, 
-0.00120S: 
liP, ,o.ooms: 
IFO, -0. OOOCJS4 
, 
1'1, 
-0.001179: 


1'2, 
-0.001084, 
1'3, 
-0.001061: 
IF.: 
-0'GOI03S, 
IFS, 
-0.001099: 
IF6: 
-0.001111: 
In: 
-0. 000'l6O, 
!F8: -O.ooml, 
1'9: 
-0.001178: 
IF', 
-0.001061: 
IF8: 
-0.001099, 
I,e: -0.001026: 
IPO, -0.001248: 
1'£: 
-0.00I1S7: 
U,: -0.0018281 
200, 
-0.001360: 
201: 
-0.001S83, 
202, 
-0.001386, 
203: 
-0.001636: 


204: 
-0.001S36: 
20~: -0.001S84: 
206: 
-0.00ISI4: 
207: 
-0.001703, 
208, 
-0.001714, 
20~: 
-0.002021: 
20A: -0.001S92, 
208: 
-0.001799: 
2OC: -0.001884: 
200: 
-0.001994: 
20B: -0.002028, 
20F, 
-0.00U2S: 
210: 
-0.00180S: 
211: 
-0.002137: 
212: -o.oolm: 
1.13: -0.002071: 
214: 
-0.00n9S, 


215: 
-0.00210': 
216, 
-0.0011145, 
217, 
-0.002001: 
218, 
-0.0019"1 
219: 
-0.002175: 
2lA: 
-0.0021871 
211, 
-0.00210«: 
21C: -0.001725: 
211: 
-0.002212: 
21£, 
-0.002012: 
21P: -0.002~, 
220: 
-0.002027: 
2211 -O.OO22'H, 
222: 
-0.002127: 
223: 
-0.00226~: 
22«: 
-0.002157: 
225, 
-0.002308: 
226: 
-0.002268: 
227: 
-0.002372: 
228: 
-0.002039: 
229: 
-0.0023": 
22A: -0.002218: 
221: 
-0.0022": 
22C, -0.002179: 
221, 
-0.002361: 
221: 
-0.002101, 
22F: -0.002«63: 
230: 
-0.002088, 
231: 
-0.002333, 
232: 
-0.002052: 
233: 
-0.002328, 
23«, 
-0.002IOf: 
235: 
-0.002278: 
236: 
-0.002357: 
237: 
-0.002259: 
238: 
-0.002078, 
239, 
-0.002559, 
W, 
-0.0021991 
2.'1, 
'0.0023«3, 
23C: -0.002181: 
231: 
-0.002369: 
231: 
-0.002265: 
23F, -0.002833: 
2«0: 
,0.001187, 
W: 
-0.001357: 
2f2: 
·0.001130: 
2«3, 
-0.001301: 
2,.: 
-0.001167: 
2«5, 
-O.OOH62, 
2«6: -0.001157: 
2«7, 
-0.OGUI2: 
2«8: 
-0.00122«: 
2«9: 
-0.001278: 
2U: 
-0.001187, 
2«8: 
-0.001278: 
24C: -0.001023: 
2tD, 
-0.001256, 
241: 
-0.00IH7: 
24f: 
-0.00120«: 
250: 
-0.000930: 


inter 


2~1: -0.001263: 
2~: 
-0.001088: 
253: -0.001281: 
2M: -0.000930: 
255: -0.001188: 
256: -0.001039: 
257: -0.0011.7: 
258: -0.001096: 
259: -0.001217: 
25A: -0.001302. 
251. -O.OOlm. 
25C, -0.0010M: 
250: -0.001276: 
25£: -0.001213: 
25': 
-0.001~3: 
260: -0.001229: 
261: -0.001509. 
262: -0.001297: 
263: -0.00U26: 
2M: -0.001318: 
265: -0.001~17: 
266: -0.001282: 
267: -0.00U85: 
268: -0.001351: 
269: -0.001616: 
26A: -0.001509: 
261: -0.001558: 
26C: -0.001582: 
260: -0.00m8: 
261: -0.001~.: 
26F: -0.001692: 
270: -0.001589: 
271: -0.001786: 
272: -0.001708: 
273: -0.001151: 
27.: -0.001716: 
27~: -0.001988: 
276. -0.001813: 
277: -0.001816: 
278: -0.0019.3: 
279: -0.002046: 
21A: -0.001936: 
271: -0.002000: 
27C: -0.001783: 
210: -0.0022.8: 
271: -0.001869: 
27F: -0.002131: 
280: -0. OOU96: 
281: -0.001510: 
282: -0.001311>: 
283: -0.001792: 
284: -0.001318: 
285: -0.001615: 
286: -0.00Ub5: 
281: -0.001632: 
288: -0.0016.3: 
289: -0.001730: 
28!: -0.001629: 
281: -0.001698: 
28C: -0.001823: 


inter 


280: 
-0.001855: 
281: 
-0.001718: 
28': 
-0.001942: 
290: 
-0.001871: 
291: -0.002008: 
292: 
-0.001945: 
293: 
-0.002128: 
294: 
-0.001962: 
29S: -0.002235: 
296: 
-0.002101: 
297: 
-0.002178: 
298: 
-0.002132: 
299: 
-0.002366: 
29A: -0.002133: 
29.: 
-0.002360: 
29C: -0.002236: 
290. 
-0.002MI. 
291: 
-0.002f03: 
29': 
-0.0026091 
2AO: -0.002U3: 
ZAI: -0.002563: 
2A2: -0.0023811 
2A3: -0.002M2: 
ZA4: 
-0.002f35. 
lAS. -0.002697: 
2A6: -0.002530: 


ZA7: 
-0.0026S3: 
lA8: 
-0.002f59: 
2A9: -0.0027f2. 
2•• : -0.002860: 
2•• : -0.002666: 
2AC: -0.002525: 
lAD: -0.0027fl: 
ZAE: -0.002"85: 
ZA': 
-0.002737: 
zaO: -0.002709: 
2.): 
-0.003031: 
2.2: 
-0.002823: 
2.3: 
-0.002906: 
21f: 
-0.002780: 
285: 
-0.003019: 
286: 
-0.002941: 
287: 
-0.002923: 
218: 
-0.00279f: 
289: 
-0.002973: 
28A: -0.002872: 
2.8: 
-0.00l9f3: 
2JC: -0.00258f: 
210: 
-0.002832: 
28E: -0.002717: 
21F: 
-0.002698: 
2CO: -0.001295: 
2CI: 
-0.001557: 
2el: -0.001429: 
2C3: -0.00IM2: 
2C4: -0.00127f: 
2CS: -0.00Ifl7: 
2C6: -0.001409: 
2C7: -0.001382: 
2ea: 
-0.001138. 


inter 


lC'l: -0.001450. 
2CA: -0.001.09: 
ZCI: -0.001366: 
2CC: -0.001201: 
2CO: -0.0013851 
2CI: 
-O.OOU06: 
lCP: 
-0.001S321 
2DO: -0.001166: 
201: 
-0.001503: 
202: 
-O.OOU111 
203: 
-0.00155f: 
20.: 
-0.00133f: 
205: 
-0.0016221 
206: 
-0.0013'70: 
207: 
-0.001369: 
2D8: -O.ooH38: 
209: 
-0.001660: 
lOA: -0.00132.: 
201: 
-0.001395: 
2DC: -0.001273: 
201: 
-0.0018131 
2M: 
-O.OOU28: 
ZIP: 
-0.001550: 
210: 
-0.001685: 
211: 
-0.001799: 
2£2: 
-0.001725: 
213: 
-0.001766: 
21.1 
-0.00195f: 
215: 
-0.001920: 
216: 
-0.0017f7: 
217: 
-0.001796: 
218: 
-0.001776: 
219: 
-0.002011: 
2EA: -0.00183f1 
211: 
-0.002115: 
2ICI -0.001915: 
21D: -0.002089: 
21£: 
-0.0020",: 
21F: 
-0.002132: 
2'0: 
-0.002069: 
211: 
-0.002229: 
2F2: -0.002101: 
2'3: 
-0.001.236: 
2F.: 
-U.002177: 
2F5: 
-0.002388: 
2F6: 
-0.00228f: 
2n: 
-0.002315: 
2F8: 
-0.002"9: 
2'9: 
-0.002533: 
2FA: -0.002538: 
2,.: 
-0.00256.: 
2FC: -0.002f7l: 
ZFO: -0.002.86: 
ZFI: 
-0.002576: 
ZFF: -0.002006: 
300: -0.00199.: 
301: 
-0.002301: 
302: 
-0.002168: 
303: 
-0.00228f: 
30.: 
-0.002251: 


305: 
-0.002411: 
306: 
-0.002269: 
301: 
-0.002483: 
308: 
-0.002265: 
309: 
-0.002589: 
30.: 
-0.002383: 
301: -0.002508: 
3OC: -0.002336: 
3OD: -0.002560: 
30£: -0.002428: 
JO,: 
-0.002611: 
310: 
-0.002528: 
311: 
-0.002861: 
312: 
-0.002612: 
313: 
-0.002146: 
314: 
-0.002110: 
315: 
-0.002955: 
316: -0.002813: 
311: 
-0.002864: 
318. 
-0.002110: 
319: 
-0.002959: 
3U: 
-0.002888: 


311: 
-0.002901. 


31C: -0.002142: 
310: 
-0.002915: 
311: 
-0.0028'/8: 
31': 
-0.003165: 
320: 
-0.002991: 
321: 
-0.003220: 
322: -0.003083: 
323: 
-0.003195: 
324: 
-0.003109: 
325: 
-0.00331f: 
311" -0.003130: 
321: 
-0.003246: 
328: -0.003301: 
329: 
-0.003391: 
32.: 
-0.003247: 
321: 
-0.003362: 
32C: -0.002182: 
32D: -0.002338: 
32£: 
-0.002251: 
32': 
-0.002332: 
330: 
-0.001979. 
331: 
-0.002225: 
332: -0.002099: 
333: 
-0.002164: 
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0.000122: 


" 
3IF: 
0.000178: 
, , 


3C0: 
0.000735: 
I 
3CI: 
-0.000359: 
, 


3C2: 
0.000241: 
, 


3C3: -0.000005: 
:tet: 
0.000311: 
, 


JCS: 
-O.OOO27t: 
, 


3C6. 
0.000139: 
I' 
3C7: -0.000111: 
' , 
3CI: 
0.0002St: 
I 
3C9: 
-0.0001": 
' , 
3C.\: 
0.000127. 
I' 
Jel: 
-0.000228. 
, , 


3CC: 
0.otOO93. 


" 
:tel: 
-0.000115: 
' I 
3CI. 
-0.000060: 
" 
3C': 
-0.00000t: 
, 


3DO: 
0.000It8. 
I' 
3Dl. 
-0.000171: 
, , 


JOZ: 
0.000t4~: 


" 
3D3: -0.000176: 
, I 
384. 
0.000126: 
, ' 
305: 
-0.000131: 
• I 
JIl6: 
0.000109. 
I' 
387: 
-O.OOOHS: 
" 
3ll8: 
0.0002II: 
I 
319: 
-0.000253: 
I 
JIA: 
0.000159: 
,. 


301: 
-O.OOOlfS: 
• I 
JDC. 
0.סס OO59: 
I' 
JDD: -O.ooooaS: 
., 


3OE: 
0.סס OO71: 
,. 


3DF: 
0.000103: 
,. 


3EO: -O.OOOIS~: 
• I 
311: 
-0.000221: 
, , 


312. 
0.000003: 
313: 
0.000008: 
3Et: 
0.000234: 
, 


315: 
-0.000211: 
• I 
Jill. 
0.000168: 
I , 


317: 
-0.0000f3: 
., 


311: 
-0.000113: 
• I 
3E9: -0.000005: 
, 


31.1: 
0.000162: 
, ' 
1I1. 
-0.סס OO70. 
'I 
3IC: 
0.000091: 
I' 
3ED: -0.000201: 
, I 
311: 
0.000096: 


" 
JIF: 
0.000049: 


" 
3'0: 
-0.000230: 
I 
3FI: 
-0.000091: 
" 
312: 
0.000D29: 
, 


3F3: 
-0.000DSt. 
" 
3Ft: 
0._7: 
I' 
JFS. 
-O.OOOlqji. 
, I 
3F6: 
0.000126. 
I' 
3F7: 
-0.000002. 
, 


3FI: 
0.סס OO31: 
• 
3": 
-0.000276. 
I 
3PA: 
O.OOOOS6, 


" 
JPI. 
0.0000I7, 


" 
3Ft. 
0.סס OO73' 


" 
JPI. 
-0.000237. 
, 


JPI: 
0.000111. 
I' 
3FP. 
0.o00ooo. 
• 


inter 


YlU: 
yael' 


-0.0020 
• 0 - 
O.oezo 
1 
1 
, 


1 
I 
1 


1 
I 
1 
I, 
I, 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I, 


0: 
0.001014: 


1: 
0.001115: 


2: 
0.001115: 
3: 
0.001115: 
4: 
0.001215: 


5: 
0.001015: 


6: 
0.001015: 


1: 
0.001215: 
8: 
0.001215: 


9: 
0.001115: 
A: 0.001015: 
I: 
0.001015: 
C: 
0.001215: 
D: 0.001015: 
I: 
0.001015: 


,: 
0.001115: 


10: 
0.001215: 


11: 
0.001115: 
12: 
0.001115: 


13: 
0.001015: 


If: 
0.001115: 


15: 
0.001115: 


16: 
0.001115: 
11: 
0.0011151 


18: 
0.001115: 


19: 
0.001015: 


lA: 
0.001015: 


II: 
0.001215: 


IC: 
0.001215: 


10: 
0.001115: 
11: 
0.001115: 


I': 
0.001215: 
20: 
0.001215: 


21: 
0.001115: 


221 0.001115: 
23: 
0.001215: 


24: 
0.001215: 


251 0.001115: 
26: 
0.001215: 


21: 
0.001215: 
28: 
0.001115: 


29: 
0.001315: 
U: 
0.001215: 
21: 
0.001115: 


2C: 0.001115: 
21: 
0.0011151 
21: 
0.001315: 
2': 
0.0010151 
30: 
0.001115: 
31: 
0.001015: 
32: 
0.001015: 


33: 
0.000915: 
34: 
0.001215: 


Repeatability 
Error, SN = 4130 


6-278 


.l5: 
0.001175: 
36: 
0.001075: 
37: 
0.0012'/5: 
38: 
0.001075' 
39: 
0.001275: 
3.: 
0.001275: 
3.: 
0.001175: 
X, 
0.001175: 
3D: 0.001175' 
3£: 
0.001175: 
3P: 
0.001375, 
.0: 
0.001275: 
.1: 
0.001275: 
U: 
0.001015: 
.3: 
0.001075: 
U: 
0.001275, 
.5: 
0.001175: 
~, 
0.001175, 
.7: 
0.001075, 
d: 
0.001175: 
.9: 
0.001115: 
•• : 
0.001175: 
•• : 
0.001275: 
.c: 
0.001315: 
.D: 
0.001075: 
n: 
0.001375: 
U, 
0.001075: 
50: 
0.001175: 
51: 
0.001175: 
52: 
0.001175: 
53: 
0.000915: 
s.: 
0.000915: 
55, 
0.001015: 
56: 
0.001175: 
57: 
0.001275: 
58: 
0.001275: 
59: 
0.001175: 
54: 
0.001075: 
51: 
0.001075: 
5C: 0.001275: 
5D: 0.001075: 
5E: 
0.001175: 
SF: 0.001175: 
60: 
0.000915: 
61: 
0.001075: 
62: 
0.001075: 
63: 
0.001275: 
M: 
0.001275: 
65: 
0.001075: 
(,6: 
0.001115, 
67: 
0.001375: 


68: 
0.001015: 
69: 
0.001075: 
64: 
0.001015, 
61, 
0.001175, 
6C: 0.001175: 
60: 
0.001175: 
6£: 
0.001175: 
6F: 
0.001075: 
70, 
0.001075: 


71: 
0.001375: 
72: 
0.001175: 
73: 
0.001175: 
74: 
0.001175: 
75: 
0.001175: 
76: 
0.001175: 
77: 
0.001275: 
78: 
0.001175: 
79: 
0.001275: 
7A: 0.001375: 
7.: 
0.001375: 
7C: 0.001375: 
7D: 0.001375: 
71: 
0.001175: 
7F: 
0.001075: 
80: 
0.001275: 
81: 
0.001175: 
82: 
0.001275: 
831 0.0012751 
841 0.0010751 
85: 
0.0011751 
86: 
0.001175: 
871 0.001275: 
881 0.001075: 
89: 
0.001075: 
SA: 0.001075: 
8&: 0.001075: 
8C: 0.001075: 
80: 
0.001175: 
81: 
0.001075: 
8F: 
0.001175, 
90: 
0.001175: 
91: 
0.001175: 
'12: 0.001275: 
93: 
0.001175: 
94: 
0.001075: 
95: 
0.001175: 
96: 
0.001275: 
9'1: 0.001075: 
ll8: 
0.001175: 
9'1: 0.001175: 
9A: 0.001l75: 
9.: 
0.001175: 
9C: 0.001175: 
90: 
0.0012'15: 
91: 
0.001275: 
9F: 
0.001175: 
AO: 0.001075: 
AI: 
0.001175: 
12: 
0.001075: 
A3: 0.001275: 
U: 
0.001075: 
AS: 0.001175: 
A6: 0.001275: 
A7: 0.001375: 
A8: 0.001375: 
A9: 0.001075: 
AA: 0.001175: 
A8: 0.001075: 
AC: 0.001075: 


inter 


AO: 0.001075, 
AI: 
0.001175: 
.,: 
0.001075: 
10: 
0.001075: 
IIr 
0.001115: 
12: 
0.0011.75: 
131 0.001275: 
h, 
0.000915: 
IS: 
0.0011151 
16: 
0.001'151 
17: 
0.001115: 
18: 
0.001215: 
19: 
0.001215: 
•• : 
0.0011151 
.1: 
0.001115. 
Ie: 
0.001075: 
10: 
0.001115: 
II: 
0.001115: 
.F: 
0.001115: 


CO: 0.001275. 
C1: 
0.001275, 
C2: 0.001075: 
C3. 
0.000975: 
Cf: 
0.001175: 
C5: 
0.001115, 
ClI, 0.001175: 
C7: 
0.001275: 
C8: 0.001175: 
C9, 
0.001175: 
CA, 0.001075: 
CI, 
0.00m5: 
CC: 0.001275: 
CD: 0.001215: 
CE: 0.001115: 
CF. 0.001215: 
DO: 0.001175: 
01: 
0.001075. 
D2: 0.001215. 
03: 
0.001275. 
Of: 
0.001115: 
OS. 0.001115: 
DII: 0.001015: 
07: 
0.001275: 
08: 
0.001175: 
19. 
0.001275: 


DA: 0.001115: 
Dil 
0.001175: 
DC: 0.001275: 
DO: 0.001275: 
DE: 0.001215: 
DP: 0.001215: 
10: 
0.001175: 
II: 
0.000975: 
12: 
0.001215: 
EJ: 
0.001115: 
If: 
0.001175: 
IS: 
0.001015: 


~: 
0.001175: 
17: 
0.001175: 
18: 
0.001115: 


intJ 


I~: 0.001315: 
IA: 
0.001115: 
D: 
0.001175: 
Ee: 
0.001075: 
ED: 0.001375: 
D: 
0.001375: 
SF: 0.001275: 
FO: 0.001175: 
F1: 
0.001175: 
F2: 
0.001175: 
F3: 
0.001275: 
F': 
0.OOll75: 
F5: 
0.001275: 
F6, 
0.00107S, 
n, 
0.001375: 
F8: 
0.001075: 
F<I: 0.001375: 
FA: 0.001275: 
FB: 0.001115: 
FC: 0.001275: 
FD: 0.001275: 
PI: 
0.001275: 
FF: 
0.001275: 
JOO: 0.OOJ015: 
JOI: 
0.001175: 
102: 
0.001275: 
103: 
0.001075: 
10.: 
0.001075: 
105: 
0.OOJl7S: 
106: 0.001175: 
107: 
0.001175: 
108: 
0.001275: 
109: 
0.001375: 
lOA: 0.001215: 
lOR: 0.001075: 
IOC: 0.001075: 
100: 0.001175: 
101: 0.001l7S: 
lOP: 0.001275: 
110, 0.001275: 
111: 0.001075: 
112: 
0.001075: 
1I3: 
0.001175: 
1U: 
0.001l7S, 
115: 0.001175, 
116: 
0.001175: 
11'/: 
0.001375: 
118: 
0.001275: 
119: 0.001275: 
llA: 
0.00117S: 
liB: 
0.001175: 
lie: 
0.001l7S: 
110: 
0.001175: 
Ill: 
0.001175: 
IIF: 
0.001175: 


120: 0.001275: 
121: 0.001175: 
IZ2: 
0.001175: 
123: 0.001175: 
12.: 
0.001175: 


IZ5: 
0.001175: 
126: 0.001175: 
127: 0.001275: 
128: 0.0010n: 
12'1: 0.001175: 
lZ.: 
0.001275: 
128: 0.001175: 
12C: 0.001175. 
121. 
0.001275: 
121: 0.001075: 
12F: 0.001275: 
130: 0.001175: 
131: 0.001175: 
132: 0.001075: 
133: 0.001075: 
134: 0.001275: 
135: 0.001275: 
136: 0.001275: 
137: 0.001075: 
138: 0.001175: 
139: 0.001275: 
114: 0.001175: 
131: 0.001275: 
13C: 0.001175. 
13D: 0.001175: 
131: 0.001275: 
13F: 0.001075: 
ItG: 
0.001075: 
HI: 
0.001075: 
H2: 
0.001075: 
1f3: 
0.001075: 
If.: 
0.001175: 
If5: 
0.001275: 
If6: 
0.001375: 
If7: 
0.001375: 
lf8: 
0.001275: 
149: 0.001275: 
ItA: 
0.001275: 
If.: 
0.001275: 
ItC: 
0.001375: 
UD: 
0.001375: 
HI: 
0.001175: 
HF: 
0.001175: 
ISO: 0.001175: 
151: 
0.001275: 
152: 
0.001375: 
153: 0.001275: 
1M: 
0.001275: 
155: 
0.001175: 
156: 0.001175: 
157: 0.001275: 
158: 0.001175: 
159: 0.001175: 
lSA: 0.001175: 
158: 
0.001275: 
15C: 0.001175: 
15D: 0.001375: 
15£: 
0.001275: 
lSF: 
0.001375: 
160: 0.00\375: 


inter 
Ap·406 


161: 0.00127S: 
162: o.ooms: 
163: o.ooms: 
164: O.OOI21S: 
165: 
0.001175: 
166: 0.OO1l7S: 
167: 0.0013751 
168: 0.00137S: 
169: 0.OOlf75: 
lllA: 0.001175: 
168: 
0.001075: 
16C: 0.001275: 
16D: 0.001275: 
161: o.ooms: 
16F: 0.001175: 
170: 0.001275: 
171: 0.001275: 
172: 
0.001175: 
173: 0.001175: 
11f: 
0.001275: 


175: 
0.001275: 
176: 
0.001275: 
177: 0.001175: 
178: 
0.001275: 
179: 
0.001275: 
17.: 
0.001075: 
178: 0.001275: 
17C: 0.001175: 
1?D: 0.001275: 
17F.: 0.001075: 
17F: 0.001275: 
180: 0.001275: 
181: 
0.001375: 
182: 0.001375: 
183: 0.001275: 
184: 0.001375: 
185: 0.001275: 
186: 0.001075: 
187: 0.001075: 
188: 
0.001275: 
189: 
0.001175: 
IlIA: 0.00m5: 
188: 
0.001275: 
18C: 0.001275: 
18D: 0.001275: 
18B: 0.0011'/5: 
18F: 0.001275: 
190: 0.001175: 
191: 
0.001275: 
192: 
0.001l7S: 
193: 
0.001175: 
19t: 
0.001075: 
195: 
0.001375: 
196: 
0.001275: 
197: 0.00m5: 
198: 
0.0011'15: 
199: 
0.0013751 
19A: 0.001375: 
198: 0.001275: 
I~: 
0.001175: 


intJ 


19D: 0.001l15: 
191: 0.001275: 
19F: 0.001215: 
lAD: 0.001275: 
UI: 
0.001275: 
142: 0.001375: 
10\3: 
0.00lt15: 
U.: 
0.001275: 
us: 
0.001015: 
lA6: 0.001175: 
lA7: 
0.001275: 
IA': 
0.001115: 
U9: 
0.001375: 
1"1 
0.001275: 
UI: 
0.001215: 
UCI 
0.001175: 
lAD: 0.001115: 
UI: 
0.0011751 
lAP: 0.001175: 
1101 0.001015: 
III: 
0.001375: 
112: 0.000915: 
113: 0.001115: 
1•• : 
0.001075: 
115: 0.00lJ75: 
116: 0.001375: 
111: 0.001115: 
118: 0.00117S: 
119: 0.001315: 
Ill: 
0.001175: 
III: 
0.001.75: 
IIC: 
0.001115: 
liD: 
0.001215: 
1111 0.001175: 
IIP\ 
0.001175: 
lCO: 0.001115: 
lCl: 
0.001175: 
lC2: 
0.001175: 
IC3: 0.001275: 
Ie.: 
0.001375: 
IC5: 0.001215: 
IC6: 0.001115: 
IC7: 0.001175: 
lca: 
0.00137S: 
IC9: 0.001175: 
lCA: 0.001075: 
ICI: 
0.001015: 
Ice: 
0.001275: 
ICD: 0.001375: 
ICI: 
0.001275: 
lCP: 0.001075: 
lDO: 0.001115: 
IDl: 
0.001275: 
ID2: 0.001215: 
183: 0.001215: 
IH: 
0.001215: 
IDS: 0.001215: 
116: 
0.001215: 
ID7: 0.001115: 
IDe: 0.0012751 


inter 
AP-406 


109: 
0.001275: 
IDA: 0.001275: 
UI: 
0.001175: 
lOC. 0.001175: 
IDO: 0.001275: 
IDE: 0.001175: 
UP. 
0.001375: 
110: 0.001375: 
Ill: 
0.001075: 
112: 0.001275: 
113: 
0.001175: 
11.: 
0.001175: 
1£5: 0.001215: 
116: 0.001175: 
117: 0.0012751 
118: 0.001175. 
119: 0.0011751 
lEA: 0.001175: 
118: 
0.001075: 
llel 
0.001275: 
lID: 
0.001275: 
111: 
0.001175: 
liP: 
0.001275: 
lPO: 0.001375: 
lF1: 
0.001075: 
112: 0.001175. 
lF3: 
0.00157.: 
1'.: 
0.001275: 
IPS: 
0.001115: 
IF6: 
0.001115: 
In: 
0.001275: 
IF8: 
0.001115: 
1F9: 0.001175: 
I,.: 
U.001l75: 
JFI: 
0.001275: 
lFC: 
0.001115: 
IFO: 0.001175: 
IFI: 
0.001215: 
IFF: 
0.001275: 
200: 
0.001215: 
201: 
0.001375: 
202: 
0.001315: 
203: 
0.001175: 
20t: 
0.001175: 
205: 
0.001215: 
206: 
0.001175: 
207: 
0.001315. 
208. 
0.001215: 
209: 
0.001175: 
20A: 0.001175: 
201: 
0.001215. 
20C: 0.001215: 
200. 
0.001275: 
20B: 0.001175: 
20F: 
0.001175: 
210: 
0.001115: 
211: 
0.001175: 
212: 
0.001015: 
213: 
0.001275: 
21t: 
0.001115: 


21S1 0.OOI21S1 
216: 
0.00127~: 
2171 0.00l27SI 
21el 
0.00121S: 
2191 O.OOI37S: 
2IAI 0.001l1S1 
211: 
0.00121S: 
21e: 
0.00121S: 
21D: 0.00121S1 
2IE: 
o.ooms: 
21F: 
0.001l1S: 
2201 0.00137S: 
221: 
0.00121S1 
222: 
0.00131S1 
223: 
0.001315: 
2241 0.001115: 
22S: 
0.001315: 
226: 
0.0011751 
221: 
0.001375: 
228: 
0.001115: 
229: 
0.001215: 
W: 
0.001175: 
228: 
0.001215: 
UCI 
0.0012151 
22D: 0.001115: 
2211 0.001115: 
22F: 
0.001015: 
2JO: 0.001275: 
231: 
0.001115: 
232: 
0.001175: 
233: 
0.001275: 
234: 
0.001275: 
235: 
0.001375: 
236: 
0.001375: 
2371 0.001275: 
238: 0.001215: 
239: 
0.001175: 
2304: 0.001l1S: 
23.: 
0.001115: 
23C: 0.001175: 
23D: 0.001375: 
2311 0.001175: 
23FI 0.0012751 
240: 
0.00127S: 
241: 
0.00127S: 
242: 
0.001275: 
243: 
0.001275: 
2•• : 
0.0012751 
245: 
0.001315: 
246: 
0.001075: 
2t1: 
0.001l75: 
248: 
0.001175: 
2491 0.001375: 
24.: 
0.001175: 
248: 
0.001275: 
24C: 0.001075: 
24D: 0.001l7S: 
241: 
0.001375: 
24F: 
0.0013151 
250: 
0.001275: 


inter 


2SII 
0.001l7S: 
2S2: 
0.00127S: 
2S3: 
0.00127S: 
2M. 
0.001l7S: 
255: 
0.001375: 
256: 
0.001275: 
257: 
0.001275: 
2S8: 
0.001275: 
259: 
0.001175: 
2SA: 0.00107S. 
251: 
0.00117S: 
2SC: O.OOlm: 
2SD: 0.001275: 
251: 
0.001275: 
2Sf: 
0.001l7S: 
260: 
0.00127S: 
261: 
0.001175: 
262: 
O.OOIl7S: 
263: 
0.00127S: 
264: 
0.001275: 
26S: 
O.OOl27S: 
266: 
0.OOI17S: 
267: 
0.001375: 
268: 
0.001275. 
269: 
0.00127S: 
26A: 0.001175: 
268: 
0.001l7S: 
26C: O.OOl37S: 
268: 
0.001375: 
261. 
O.OOl37S: 
26P: 0.00H7S: 
270: 
0.001l7S: 


271: 
0.00137S: 
272: 
O.OOIl7S: 
273: 
0.00107S. 
274: 
0.00127S. 
27S: 
0.001l7S: 


276: 
0.OOI27S: 
277: 
0.001375: 
278: 
0.001375: 
279: 
O.oOI37S: 
27.: 
0.001275: 
271: 
0.00127S: 
27C: 
0.00127S: 
27D: 0.001l7S: 
271: 
0.00107S: 
271: 
0.001275: 
280: 
0.00127S: 
281: 
0.00137S: 


282: 
0.001275: 
283: 
0.00127S: 
28.: 
0.00127S: 
285: 
0.001375: 
286: 
0.001275: 
287: 
0.001375: 


288. 
0.001175: 


289: 
0.001275: 
28.. 
0.001175: 
281: 
0.001375. 
2ac: 
0.001175. 


inter 
Ap·406 


l6D: 
0.001315: 
281: 
0.001175: 
28P: 
0.001375: 
290: 
0.001275: 
291: 
0.001275: 
292: 
0.001\75: 
293: 
0.001175: 
294: 
0.001175: 
295: 
0.001175: 
296: 
0.0012751 
297: 
0.001375: 
298: 
0.001275: 
299: 
0.001375: 
29.: 
0.001375: 
291: 
0.001375: 
29C: 0.001275: 
291: 
0.001175: 
29£: 
0.001375: 
29P, 
0.0011'/5: 


lAO: 0.001\75: 
lAl: 
0.001175: 
2A2: 0.001375: 
2A3: 0.0012751 
lAt: 
0.001175: 
lAS: 
0.001175: 
2A6: 0.001175: 
2A7: 0.001275: 
2A8: 0.001475: 
lA9: 
0.001275: 
2•• : 
0.001\75: 
lAB: 0.001275: 
2AC: 0.001375: 
lAD: 0.001275: 
2A£: 0.001275: 
lAP: 
0.001175: 
210: 
0.001175: 
211: 
0.001175: 
282: 
0.001175: 
213: 
0.001275: 
214: 
0.001175: 
215: 
0.001275: 


216: 
0.001175: 
217: 
0.001275: 
288: 
0.001275: 
219: 
0.001275: 
2•• : 
0.001275: 
2BI: 
0.001375: 
21e: 
0.001275: 
210: 
0.001375: 
211: 
0.001375: 
21': 
0.001375: 
2CO: 0.001375: 
2CI: 
0.001375: 
2C2: 0.001375: 
2C3: 0.001375: 
2Ct: 
0.001375: 


2C5: 
0.00lf75: 
2C6: 0.001275: 
2C7: 0.001375: 
2e8: 
0.001275: 


2cq: 
0.00131~: 
2CA: 0.0011~: 
2CI: 
0.00121~: 
2CC: 0.00!21~: 
2CD: 0.00U15: 
2CE: 0.00121~: 
2C': 
0.001115: 


200: 
0.001115: 
201: 
0.001115: 
202: 
0.001215: 
203: 
0.001375: 
2•• : 
0.001115: 
2OS: 0.001115: 
2D6: 0.001215: 
2D1: 0.001315: 
208: 
0.001215: 
209: 
0.0012~: 
20A: o.ooln~: 
208: 
0.OOU15: 
2OC: 0.00131~: 
200: 
0.00131~: 
201: 
0.001315: 
lOF: 
0.001315: 
lIO: 
0.001115: 
211: 
0.001315: 
2121 0.001215: 
213: 
0.001115: 
214: 
0.001115: 
21~: 
0.001215: 
216: 
0.001215: 
211: 
0.001315: 
218: 
0.001115: 
219: 
0.00IZ1~: 
ZEA: 0.001215: 
218: 
0.001115: 
2Ee: 
0.001315: 
21D: 0.001215: 
2IB: 
0.001215: 
2EF: 0.00111~: 
2FO: 0.001215: 
2P1: 
0.001315: 
2'2: 
0.001315: 
Z'3: 
0.001215: 
2'4: 
0.00121~: 
2'5: 
0.001315: 
2'6: 
0.00U1~: 
2P1: 
0.001J~: 
2F8: 
0.0013'/5: 
2'9: 
0.00U15: 
2FA: 0.001215: 
2F.: 
0.001115: 


2FC: 0.00IZ15: 
2'0: 
0.001215: 
2'1: 
0.001215: 
2'F: 
0.001215: 
300: 
0.001015: 
301: 
0.001215: 
302: 
0.001315: 
303: 
O.0012~: 
304: 
0.0011751 


inter 
AP-406 


:105: 0.001415: 
30b: 
0.001215: 
J01: 
0.001315: 
308: 
0.001315: 
309: 
0.001215: 


:lOA: 0.001275: 
JOB: 0.001315: 
3OC: 0.001215: 
30D: 0.001415: 
301: 
0.001215: 
~OP: 0.001315: 
310: 
0.001115: 
Jll: 
0.001115: 
312: 0.001215: 
313: 
0.001215: 
314: 
0.001315: 
315: 
0.001215: 
316: 
0.001215: 
311: 
0.001215: 
318: 
0.001115: 
319: 
0.001315: 
31A: 0.001215: 
311: 
0.001015: 
31C: 0.001115: 
31D:· 0.001315: 
311: 
0.001315: 
31P: 0.001315: 
320: 
0.001315: 
321: 
0.001315: 
322: 
0.001315: 
323: 
0.001275: 
324: 0.00111.: 
325: 
0.001515: 
326: 
0.001215: 
32'/: 
0.001415: 


328: 
0.001114: 
329: 
0.001375: 


32A: 0.001275: 
321: 
0.001215: 
32C: 0.0013'/5: 
32D: 0.001315: 
321: 
0.001315: 
32F: 
0.001315: 
330: 
0.001114: 


331: 
0.00111., 
332: 
0.00U15: 


333: 
0.001215: 
334: 
0.001215: 
335: 
0.001575: 
336: 
0.001475: 
331: 
0.001114: 
338: 
0.0012'/5: 


339: 
0.001215: 


33A: 0.001215: 
338: 
0.001215: 
33C: 0.001315: 
33D: 0.001315: 
331: 
0.001215: 
33F: 
0.001215: 
340: 
0.00111.: 


inter 


341: 
0.001375: 
342: 
0.001375: 
343: 
0.001375: 
344: 
0.001174: 
345: 
0.001275: 
346: 
0.001174. 
347: 
0.001575: 
348. 
0.001375: 
349: 
0.00127!i. 
3fA: 
0.001174: 
341: 
0.001275. 
3ft: 
0.001275: 
34D: 0.001275: 
341: 
0.00m5: 
34': 
0.001275: 
350: 
0.001375: 
351: 
0.001375: 
352: 
0.001375: 
353: 
0.001375: 
3Sf: 
0.001275: 
355: 
0.001375: 
356: 
0.001375: 
357: 
0.001375: 
358: 
0.001074: 
359: 
0.001275: 
3SA: 0.001074: 
351: 
0.001375: 
35C: 0.001375: 
35D: 0.001375: 
351: 
0.001275: 
35': 
0.001375: 
360: 
0.001174: 
31>1: 0.001375: 
31>2: 0.001275: 
31>3: 0.001275: 
364: 
0.001275: 
31>5: 0.001375: 
366: 
0.001375: 
31>7. 0.001375: 
368: 
0.001275: 
31>9: 0.001174: 
J6A: 0.001275• 
.16.: 
0.001375: 
36C: 0.00137~: 
360: 
0.001275: 
361: 
0.001275: 
36F: 
0.00lf75: 
370: 
0.001315: 
371: 
0.00127~: 
372: 
0.001315: 
373: 
0.001375: 
374: 
0.001215: 
375: 
0.001275: 
376: 
0.001275: 
377: 
0.001275: 
378: 
0.001275: 
379: 
0.001575: 
3": 
0.OOlf15: 
37.: 
0.001315: 
37C: 0.001215: 


370: 
0.00137~: 
371: 
0.00137~: 
37F: 0.00137~: 
380: 
0.001475: 
381: 
0.001475: 
382: 
0.001275: 
383: 
0.00147~: 
384: 
0.001375: 
38~: 
0.001475: 
386: 
0.001275: 
387: 
0.001275: 
388: 
0.001375: 
389: 
0.001174: 
38l: 
0.00127~: 
388: 
0.001275: 
38C: 0.001275: 
380: 
0.001275: 
381: 
0.001275: 
38': 
0.001275: 
390: 
0.001275: 
391: 
0.001174: 


3'12: 0.001375: 
393: 
0.001375: 
3'14: 0,0013'15: 
395: 
0,001375: 
396: 
0.0010"4: 
397: 
0.001275: 
398: 
0.001375: 
3'19: 0.001375: 
39A: 0.001275: 
398: 
0.00137~: 
39C: 0.001275: 
390: 
0.001275: 
391: 
O.ooH7~: 
39F: 
0.001375: 
3AO: 0.001275: 
3A1: 0.001275: 
3A2: 0.001275: 
JA3: 0.001275: 
JA4: 0.001375: 
JA5: 0.001275: 
JA6: 0.001174: 
JA7: 0.000974: 
JA8: 0.001475: 
3A9: 0.001375: 
3M: 
0.001275: 
3A8: 0.001475: 
3lC: 
0.001275: 
3lJl: 
0.001375: 
JAI: 
0.001375: 
3•• : 
0.001375: 
380: 
0.0014'/5: 


381: 
0.001174: 
382: 
0.001174: 
383: 
0.001275: 
384: 
0.001275: 
385: 
0.001275: 
386: 
0.001275: 
387: 
0.001375: 
388: 
0.001375: 


319: 
0.001275: 
3BA: 0.001275: 
~II: 
0.OOlt7S. 
31e: 
0.001275: 
310: 
0.001375: 
31£: 
0.00117t. 
31F: 
0.001275: 
JeO: 
0.001275: 


XI: 
0.001174' 
X2: 
O.OOll7t: 
X3: 
O.OOIt7S: 
Xt: 
0.001275: 


XS: 
0.001275: 
31:6: 0.001375: 
3C7: 0.001l7t: 
3C8: 0.001275: 
3C9: 0.001275: 
XA: 
0.001174: 
3CB: 0.001375: 
XC: 
0.001375: 
XI: 
0.001375. 
3CE: 0.001275: 
XF: 
0.001275, 
300: 
0.00It7S: 
311: 
0.001175: 
312, 
0.001375: 


383: 
0.001375: 


3D4: 0.001375: 
315: 
O.OOIJ7S: 
386: 
0.001375: 
317: 
0.001375: 
388, 
0.001375: 


389: 
0.001275: 
31A: 0.001l7t: 
311: 
0.00lt7S: 
3DC, 0.00It7S: 
300: 
0.001375: 


lOI: 
0.001275: 


3DF, 0.001375: 
310: 
0.001l7t: 


311: 
0.001575: 


312: 
0.001375: 
3£3: 
0.001275: 
3It: 
0.001275: 
315: 
0.001375, 
311>: 0.00lt7S: 
3E7: 0.001275, 
318: 
0.001275: 
319: 
0.001575: 


3EA, 0.00IS7S: 
3EI: 
0.001275: 
JEC: 0.001275: 


3En: 
0.001375: 
311: 
0.001l7t: 
31F: 
0.00lt7S: 
3FO: 0.001275: 
3FI: 
0.001375, 
3F2: 
0.001l7t: 
3F3: 
0.00lt7S: 


3F4: 
0.00147S, 
3PS: 
o.oom •• 
3F6: 
O.DOI27S: 
3P7: 
0.DOI27S: 
3F8: 
O.DOI275: 
3": 
0.001275, 
3FA: O.DOl174. 
3n. 
0.001275: 
JPC. 0.001275, 
3FI. 
O.DOI27S: 
3f1. 
0.001375: 


inter 
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Many applications have throughput time 
requirements on the order of a few hundred 
milliseconds, and don 't require real-time image 
analysis. 
A Single-Chip 
Image Processor 


A.L. Pai and S.H. Lin, Arizona State University, and David P. Ryan, Intel Corporation 
M 
ost 
of the research 
efforts on 


image processing 
focus on ex· 
panding the complexity and dimension of 
image analysis. Unfortunately, 
this em· 
phasis results in algorithms 
that are so 
computationally 
intensive that expensive 
special·purpose vector and pipeline proc· 
essors are required to evaluate an image 
fast enough to be considered "real·time." 
Not all applications, 
however, have the 
burdensome requirements 
of true real·life 
image analysis. Specifically, applications 
that have image throughput 
time require· 
ments of greater than a few hundred milli· 
seconds can use a lower cost, general·pur. 
pose microprocessor·based 
system. Appli· 
cations that have even slower frame rates 
are candidates for not only the use oflower 
cost CPUs, but also allow for replacement 
of video-rate flash AID converters 
with 
slower, less expensive converters. 
Addressing the most cost·sensitive ap· 
plications, 
the design described 
herein 
uses Intel's 16-bit microcontroller 
to im· 
plement 
a single-chip 
image processor. 


The on-chip 10-bit AID converter of the 
controller digitizes the image of a charge 
injection device (ClD) camera, while the 
chip's 
16-bit CPU executes a library of 
standard vision algorithms and reports the 
results by passing a few tokens over an on- 
chip 
universal 
asynchronous 
receiver- 
transmitter 
(UAR1). 


SYSTEM OVERVIEW 
A block diagram of the single-chip im- 
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age processor is shown in Figure I. The 
image is acquired by the ClD camera and 
input as an analog voltage to the 8096 
where it is digitized and stored in one of 
two image buffers. The digital image is 
stored 'as an N x N matrix of 8-bit values 
corresponding 
to the gray level intensity 
at each picture element (pixel) as shown 
in Figure 2. 
After an image resides in an image buf- 
fer, the 8096 can execute 
a number 
of 
standard 
image 
processing 
algorithms 
available as system monitor commands. 
These programs perform thresholding and 
filtering functions 
on the digital image, 
and can analyze objects found within the 
image. If the 8096 were attached to a host 
system instead of a terminal, custom pro- 


grams could be downloaded 
to the user 


program RAM and executed. 
To view the raw and processed images, 


a CRT controller is used to keep a video 
monitor updated with the images stored 
in the two frame buffer 
memories 
of 


Figure I. The 8096 updates the frame buf· 
fers with the data in its image buffers 
depending 
upon commands given to the 


system. 


• Hardware. 
The system is composed of 


a 128 x 128 ClD camera and Intel's 8096 
(with on-chip AID) for image acquisition 
and analysis. A standard CRT controller 
was added for displaying raw and proc- 
essed images as directed by the 8096. Driv· 
ing the decision to use a 128 by 128 digital 


r' oumno 
es 


~ 
~ 
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Diglta Image - f- 
,', 
, 
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I 
Line Spacing 


Picture Element 
(Pixel) 


F;,ure 2. R.",..,.l4tion 
of on N x N di,ildl 


i""",. 


image was the desire to store and operate 
upon two images simultaneously 
while 
minimizing memory requirements. 


The image processing and communica- 


tions software takes 5K of the 8K bytes 
allocated to the system monitor space, and 
would fit in the on-<:hipROM space of an 


Line 
.-/ 


8397 with 3K left. Two 32K x 8 SRAMs 
are used to provide space for two 16Kbyte 
image buffers, a 16K section of working 
RAM, and space for user-downloadable 
programs that are invoked by the monitor. 


Two 16K byte frame·buffer memories 
are mapped to the same addresses as the 
corresponding 
image buffer used by the 
8096. Normally, the frame buffers are 
mapped to the CRT controller to keep the 
video monitor updated. However, when 
the image stored in the image buffer is 
changed, 
the 
8096 performs 
a frame- 
synchronized flyby block move to refresh 
the frame buffer (50 to 290 ms depending 
on whether frame synchronization 
is off 
or on). 


To digitize an image, the 8096 monitors 
the end-of·line and end-of-frame signals 
from the CID camera and synchronizes 
the AID conversion of the pixel data to 
a pixel valid signal from the camera. The 
analog output signal of the camera ranges 
from 0 to I V, corresponding to the gray 
level intensity at each pixel. This I V range 
is amplified to a 5 V range before being 
input to one of the eight AID inputs of 
the 8096. 


-Spatial 
mering 


• HtstOyramming 
- Thresholding 


The 8096 converts the input voltage to 
a IO-bit digital representation 
in 22 flS. 
Another 18flS are needed to store the pixel 
in the image buffer, update pointers, up- 
date a counter, and start another conver- 
sion. Therefore, the camera is clocked at 
a rate which results in a new pixel being 
output every 50 flS. 
Although the 8096 converts its analog 
input to 10 bits, the extemally generated 
analog errors (such as buffer error and 
noise) led to the decision to use only 8 bits 
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of the result. This provides 256 gray levels, 
and greatly simplifies memory require- 
ments. 
~ 
Software. 
In addition 
to the code 


necessary to digitize images, the system 
EPROM contains an extensive set of al- 
gorithms for digital image acquisition and 
analysis. Video operations are used to ac- 
quire a digitized image. Point and arith· 
metic operations involve the pixel-by-pixel 
manipulation of a digital image. Neighbor· 
hood operations produce an output image 
that is the result of a combination of the 
gray lev~l intensities around a specified 
neighborhood of each pixel. Measurement 
operations 
include the computation 
of 


desired parameters of objects located in an 
image for pattern recognition and other 
applications. Finally, utility operations are 
necessary for system operation. 


The algorithms present in the system 


monitor can be used to identify desired ob- 
jects in a digital image by following the ap- 
proach shown in Figure 3. Once an image 
is digitized, it can be enhanced by the ap· 
plication of various image processing tech- 
niques including histogramming, 
thresh· 


olding, and spatial mtering to delineate the 
desired objects. The 8-directional chain 
code (Figure 4) can then be used to trace 
the boundaries of objects, and relevant ob- 
ject parameters 
can be determined 
and 


compared with those of a known object 
database to identify the unknown object. 
OBJECT 
CLASSIFICATION 


In the following example, the 8096 per- 


forms a binary thresholding operation as 
described earlier to set the image back· 
ground to pure white and the objects in 
the image to pure black. Then the 8096 
searches the image for objects. When an 
object is found, the object boundary 
is 


traced and shape analysis is performed. 
Descriptive information about the object 
(or objects) is output 
over the on-<:hip 


UART of the 8096 to a terminal, or host 
computer. 
The controller, without con· 


sulting a host computer, can also be pro- 
grammed to make,the decision to accept 
or reject an object on a set of prescribed 
rules. 
The sequence of processing for this ex- 


ample, from serial communication 
recep- 


tion and interpretation to the reporting of 
the shape analysis results, takes approx· 
imately 1500 ms with an 8096 running at 
12 MHz. The time will vary with the size· 
and number of objects in the field of view. 
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(a) A 3x3 Neighborhood 
3 
2 


6 


(b) 8-Directional 
Chain-Code 


(c) Example 
Chain-Code 
of an Object 
Fiaure 
4. Sdirectiorldl boundmy 
eMin codt. 


Photos I through 4 show the original 


256 gray level digitized image and resul· 
tant binary (two-level) image of a circular 
object and a square object. (The circle 
looks like an oval when displayed due to 
the aspect ratio of the video monitor). 


Table I ~ummarizes the output of the 


systems shape analysis program. The ob- 
jects' perimeter (P),area (A),center of mass 
coordinates (ex, cy), and the coordinates 
of the endpoints of each minimum enclos- 
ing rectangle are listed. 


The rectangularity and circularity of the 


objects were also calculated and appear in 
Table I. The rectangularity 
of the circle 


and the square using the actual data were 
ideal. Although the circularity of the digi- 
tized circle is slightly different from ideal 
(12.416 vs. 12.56), the digitized circle can 
be distinguished from the digitized square 
since the circularity of the square is very 
different from a perfect circle (15.44 vs. 
12.56). 


From these typical results, it is clear that 


this image processor can be used to dis· 
tinguish 
between 
and 
identify 
objects 


placed in its field of view. 
CONCLUSIONS 
If the stringent requirements 
of "real- 


time" image processing can be relaxed in 
favor of substantially reduced sytem cost, 
a standard 16·bit microcontroller can per- 
form as a stand-alone image processor. 


Not only does the design described here 


demonstrate 
that a microcontroller 
can 


undertake two-dimensional image process- 
ing, but the surprising speed with which 
it accomplishes the processing should lead 
to the reevaluation of current microproc- 
essor applications for possible cost reduc· 
tion via microcontrollers. 
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A histogram 
gives the distribution of all the gray levels in a digital image. The image histogram 


is used to select a desired threshold intensity level for separating an object from the background 
in the digital image. 


A digital image can be thresholded 
using various threshold functions (three of which are shown 


in the figure) to yield an output image that contains a better definition of an object. For ex- 
ample, a binary (black and white) image is obtained by applying the two-level threshold func- 
tion shown in (c). 


255 
§ 
~ 
Cl 
gb 


00 
25 
X 
Input Gray Level 


(a) Y • g ~~;~re 
rLe 


Y 


•••••••• 


~b 
, 
80 
: 
x 


o 
• 
255 
Input Gray Level 
(c)Y.{~~~;h~;e 


] 
i;-b - 
. 


i3 
: 


~ 
°0 
X 
o Input Gray Level 255 


In spatial filtering, 
the pixels adjacent to pixel (x,y) of image plane f are operated 
upon by 


the filter mask operation h. The resulting value of this spatial convolution 
is used to compute 


a replacement 
gray level intensity value at location (x,y) in the output image g. The following 


formula is used: 


g(x,y) = h[~x,y)) = [WI ~x -I, 
Y-I) 
+ w2 ~x -I,y) 


+ Wl ~x-I,y+ 
I) + w.• ~x,y-I) 
+ W5 ~x,y) + W6 ~x,y+ I) 


+ 
W7 ~x+ I, y-I) 
+ w8 ~x+ I,y) + w9 ~x+ I,Y+ I)) 


Various types of filter masks can be used to perform different 
digital image enhancement 


operations. A low·pass filter uses neighborhood 
averaging to "smooth" 
the digital image to 


remove noisy pixels. A high·pass filter accentuates 
noisy pixels. A high-pass filter accentuates 


the higher frequencies 
present 
in an image, thus "sharpening" 
its edges. Operators 
such as 


the Sobel masks can be used to compute the gradient at each point in an image, thus produc· 
ing a gradient edge-detected 
image. 


Using such filtering methods, the boundaries 
of objects in an image can be isolated, thus per- 


mitting the computation 
of useful object parameters for object identification and classification. 
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Size Parameters 


The horizontal 
and vertical extent of an object and its minimum enclosing rectangle are easily 
computed 
by using the minimum 
and maximum 
line and sample numbers. 


The perimeter 
(circumferential 
distance) around an object boundary 
is obtainable 
from the 
boundary 
chain code by using the formula: 
P = NE + 1[2 No 
where NE and No are the number of even and odd steps in the object boundary 
chain code. 


The area of an object, which is a convenient 
measure of object size. is equal to the number 


of picture elements 
inside and including its boundary, 
multiplied by the area of a single pixel. 


A.L. Pai ISan ASSOCIateProfessor and S.H. Lin ISa 
Ph.f). candidate m the Computer SCienceDept., Col· 
lege of Engineering, 
Anzond State UnJversll). 
Tempe, 


AZ 85281. David P. R.an ISa Senior ApphcalJom 
Engmeer for Intel Corp.. 5000 II Chandler BI\d., 
Chandler, AZ 85226. 


Shape Parameters 
In addition 
to size parameters, 
shape parameters 
can be used to distinguish 
objects. 
Some 
shape parameters 
that are easily computed 
are described 
below. 


The formula for computing 
the rectangularity 
R of an object is: 


R = AO / AR 


where Ao is the object area and AR is the area of its minimum 
enclosing rectangle. R ranges 
from 0 to I, with a value of 1.0 for rectangular 
objects, n/4 (0.785) for circular objects, and 


smaller values for slender. curved objects. 


The aspect ratio, A, which is the ratio of width to length of the minimum enclosing rectangle 
of an object, is used to distinguish 
slender objects from roughly square or circular objects. 


One of the commonly 
used circularity 
measures 
is: 


C = p2 / A 


the ratio of the square of the object perimeter 
to its area, which reflects the complexity 
of 


the object boundary. 
C has a minimum 
value of 4n (12.56) for a circular object. while more 


complex shapes have higher values. 
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In the real time world of microcontroller applications, system failures can be dangerous, 
and expensive. Preventing them, and understanding them when they occur, is very im- 
portant to the reliability of any design. 


The sources of a system upset are varied. But in general, the failure of a well designed 
application occurs as a result of either some form of noise, or a hardware failure. The 
8096 hardware provides methods of detecting and recovering from the transient noise 
failures, while the MCS<II>-96 
Diagnostics Library supplies software routines that can help 
diagnose or detect a failure in system hardware. 


Graceful recovery from noise induced failures is possible using the WATCHDOG TIMER. 
While the 8096-based system is functioning as desired, the executing software periodically 
resets the WATCHDOG with a special two-byte code. If the WATCHDOG is not reset 
at least every 16 ms (12 MHz system), a system reset occurs. The two-byte code is a 
unique password which appears nowhere in the opcode map. This reduces the chance 
that an erroneous WATCHDOG reset would occur after a system upset. 


The 8096 RESET instruction provides another form of protection. Since the opcode for 
a RESET is OffH, protection against the 8096 executing unimplemented external memory 
is obtained by placing pull-ups on the system bus. The RESET opcode is also the value 
in erased EPROMs. Therefore, any attempt to execute non-existent memory or an erased 
EPROM location causes the 8096 to execute the RESET instruction. RESET causes the 
8096 to reinitialize itself and provide an external pulse on the RESET pin to reinitialize 
the system. 


Even with the protection afforded by the 8096, a system is rarely complete without checks 
for hardware failures, both internal and external to the microcontroller. These checks are 
usually software routines that execute on power-up or periodically to verify that all parts 
of the system are present and function correctly. The tests generally execute standard 
check algorithms which are simply re-written in the host's assembly language. 


To eliminate the need for every designer of an 8096-based system to write such tests, 
a collection of modular routines has been developed that any designer could easily 
use in his system (General Diagnostics). In addition, a set of 8096 interrupt service 
routines was developed for testing 8096 I/O units in a dedicated environment (The 
Dynamic' Stability 
Test). 
Both sets of programs 
are contained 
in the MCS-96 
Diagnostics Library (DIAG96.LIB). 


This library is a collection of software modules that provide a number of ready-made 
General Diagnostics and a specialized MCS-96 diagnostic known as the Dynamic Sta· 
bUlty Test. The General Diagnostics implement frequently used standard test algorithms, 
while the Dynamic Stability Test exercises hardware specific to the 8096. 


The library can be considered a software "tool box" from which modules are selected 
for a variety of run-time diagnostics or laboratory tasks, for example: 


• 
Include a few modules in other programs as a power-up test 
• 
Use a memory module to create a map of external memory 
• 
Use a few modules as a periodic system check 
• 
Develop a simple stand-alone tester 
• 
Build a custom test bed for burn-in, ir.spection or reliability tests 
• 
Test new background code in an interrupt intensive environment 


In addition to easing the development of a program that must perform standard diagnostics 
or system checks, the library can be a learning tool. Using the proven source code in the 
library, methods of interrupt management and on-chip peripheral handling can be reviewed 
to further understand how to use the 8096. 


These tests were developed by the 8096 Applications group for experimental use with 
the 8096. With the programs in this library, the chip has been studied for its functional 
and asynchronous characteristics. 


The General Diagnostics should be useful to almost anyone designing an 8096 applica- 
tion. The Dynamic Stability Test will be useful to those experimenting with the 8096 
in a test environment. Figure I shows the modules in the MCS-96 Diganostics Library. 


The General Purpose Diagnostics consist of 24 programs providing System, ALU and 
Memory tests. Each of the tests can be called independently, and none require special 
hardware or impose application limiting constraints. 


Two Collected Test programs are also provided so that all tests may be called at once. 
A third Collected Test program executes a selection of General Diagnostics that might 
be reasonable to include in a typical system power-up. 


The Dynamic Stability Test is an integrated set of II programs that provide the interrupt 
service routines necessary to run all forms of MCS-96 va concurrently while a user 
written main task is executing. Virtually all of the chip is made to run simultaneously, 
with the va units responding to asynchronous external events. 


Unlike the General Diagnostics, the Dynamic Stability Test modules must all be linked 
together, and must run in a specific external environment. 
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This public_ation is meant to be a guide for those using any of the programs in the 
MCS-96 Diagnostics Library. 
On a first pass the entire manual should be skimmed, 
with more attention paid to Section 2 and the overview sections of Sections 3 & 4. For 
the casual reader, the overview sections of each chapter should suffice. 


Section 2 contains an overview of the general calling conventions to use any test in 
DIAG96.LIB. The section also describes DIAG96.LIB error reporting conventions and 
presents some warnings to heed when using this library. 


Section 4 describes the concept of Dynamic Stability and its implementation on the 
8096. The section also contains an overview of the tests performed, a description of the 
constraints placed upon the user-written background task, and detailed descriptions of 
each interrupt service routine. 


The Appendices contain error code and command file descriptions, and of demonstration 
program listings. Source for the MCS·96 Diagnostics Library 
can be obtained from 


Insite User's Program Library at the address below. The Insite Catalog order number is 
AE-17. 


Insite User's Program Library 
INTEL Corporation DV2-24 
2402 W. Beardsley Road 
Phoenix, Arizona 85027 


With the first-hand knowledge that many problems result from not being able to uncover 
information lodged in some dark corner of the user manual, information is repeated in 
the sections where it is pertinent. 


To simplify use of the diagnostics, the tests were developed in a modular fashion and 
collected in one linkable object file library (DIAG96.LIB). A modular program relies 
upon only the parameters sent at its invocation and employs standard parameter passing 
conventions to allow flexibility and uniformity of use. Collecting the modules into a 
library eliminates the tedium of listing twenty or thirty file names when performing a 
relocate/link on user developed code. When a program is linked to DIAG96.LIB, only 
those modules referenced in the user program are drawn from the library for inclusion 
in the output module. 


Since PLM96 conventions were the ones chosen for this set of programs, the General 
Diagnostics are invoked by following the conventions for a PLM96 typed procedure. 
Parameters are placed on the STACK and the procedure activated via a function reference 
or explicit CALL. When the test is complete, test data is returned in the special register 
PLM$REG. The Dynamic Stability Test is not PLM96 compatible. 


The next section describes the format of the test data that is returned by the diagnostics. 
Following sections give an overview of how to use a General Diagnostics test, how to 
use The Dynamic Stability Test, and what restrictions to keep in mind while using the 
library. 


All DIAG96.LIB tests use the PLM$REG word locations ICH and IEH for returning 
condition codes to the calling program. Within DIAG96.LIB, these locations are the 
PUBLIC words EREG 1 and EREG2. When a test concludes without finding an error, 
a zero is placed in the high byte of EREG I. If the high byte of EREG 1 is non·zero, 
then some unexpected condition occurred. The low byte of EREG I always contains the 
module number of the returning test, and EREG2 contains a detail code if an error was 
found. The complete listing of EREGI 
code meanings and EREG2 meanings is in 
Appendices A & B. 


All modules cease execution upon detection of the first error. The code describing which 
error was detected (EREG I) follows the format described in Table I. 


nn 
= 00 
if no error was found 
= 01, ... ,08H 
if an error was found, nn is the error code 


mx 
= OxH 
= 1xH 
= 2xH 
= 3xH 
= 4xH 
= 6xH 
= 7xH 
= 8xH 
= 9xH 
=OAxH 
= OBxH 
= OCxH 
= ODxH 
= OExH 
= OFxH 


for Test = 
SYSOx; 
ALUOx; 
MEMOx; 
D96A96; 
DSTISR; 
DSTHSI; 
DSTHSO; 
DSTHIO; 
DSTTOV; 
DSTEXI; 
DSTSER; 
DSTA2D; 
DSTSWT; 
D96FST; 
D96P96; 


1 .,; x .,; 03H 
1.,;x.,;05H 
1 .,; x .,; ODH 


x = 0 
x = 0 
x = 1 
x = 0 
x = 0 
0.,; x.,; 1 
x = 0 
x = 0 
x = 0 
0.,; x.,; 1 
x = 0 
x = 0 


The General Diagnostics provide a large set of system, ALU and memory tests that can 
be used in any combination, independent of system configuration or external circuitry. 
In addition to allowing for a wide flexibility in how a user's system is externally configured, 
the tests place minimal requirements on memory maps and interrupt environment. 


Except where noted, all tests are interruptible, and maintain Program Status Word and 
Interrupt Mask integrity. The tests conform to PLM96 conventions, and require only run- 
time parameters to be passed for such specifics as memory test bounds and ALU test 
duration. To obtain access to the general diagnostics, the user should declare the needed 
module names EXTERNAL code segment symbols, and link to: 


DIAG96.L1B 


The tests are invoked in assembly language by placing the proper parameters on the 
STACK and CALLing the procedure. In PLM, the tests are run after a function reference 
is made with the appropriate parameters. The following is an example of an ASM96 call 
to a memory test: 


PUSH 
PUSH 
CALL 
CMPB 
BNE 


#4000h 
#5000h 
MEMOS 
EREG1+1,0 
Error_Found 


The diagnostic module called performs a complementary address test on the byte 
locations between 4000H and 5000H inclusive. If an error is found, the value returned 
in the word EREGI will have a non-zero value as its high byte. Also in the case of an 
error, the MEM06 memory test will place the address of the error in location EREG2. 
The program D96A96, shown in Appendix D is a working ASM96 example that calls 
every General Diagnostic Test. 


The same memory test could be called in a PLM96 program as follows: 


Response 
= MEM06(4000h,5000h); 
IF Error$Codes.Number > 255 THEN CALLError$Found; 


Since the diagnostics return two words in the PLM$REG locations ICH and IEH, the 
function MEM06 would be a PROCEDURE 
of type LONG. Error$Codes would have 
to be declared a STRUCTURE 
AT Response, with the word elements Number and 
Detail so that the error messages returned by the diagnostic can be stored. Number 
would contain the EREGI value returned by the test, and Detail would contain EREG2. 
Response would have to be DECLARED a double word. The program D96P96, shown 
in Appendix D is a working PLM96 example that calls every General Diagnostic. 


The action taken when an error is detected will depend upon the application. For example, 
the following Error_Found 
(or Error$Found) routine would output the error codes to a 
printer or terminal: 


Error_Found: 


PUSHF 
PUSH 
#Message_P1r_A 
CALL 
Send_String 


Error$Found: 
PROCEDURE; 
DISABLE 


PUSH 
CALL 
CALL 
PUSH 
CALL 


CALLoutput (.Message$Ptr$A, 


Error$Codes.Number); 


EREG1 
Send_Hex_Word 
Send_CR_LF 
#Message_P1r _B 
Send_String 


CALLoutput (.Message$P1r$B, 


Error$Codes.Detail); 


PUSH 
CALL 
CALL 


BA$ 


EREG2 
Send_Hex_Word 
Send_CA_LF 


Message_Ptr 
_A: 


DCB 27,'EAAOA 
FOUND. Error Number = ' 


Message_Ptr 
_B: 


DCB 22,'Error Detail Code is = ' 


In the Error_Found 
routine, it is assumed that the subroutines Send_String, 
Send_Hex 
_Word, 
and Send_CR_LF 
transmit appropriate ASCII codes given the parameters 
passed to them. Send_String 
is sent a pointer to a byte string in memory, the first byte 
of which is the character count. Send_Hex_ 
Word converts the word put on the STACK 
into the correct four ASCII code bytes and appends the ASCII code for H. Send_CR_ 
LF outputs the ASCII codes to cause a carriage return, followed by a line feed. The PLM 
routine output would perform similar operations. 


2.3 
Using the Dynamic Stability Test 


The Dynamic Stability Test consists of a set of 8096 interrupt service routines that 
are designed to run while a user-supplied background task executes. The routines are 
located in the object file library DST96.LIB, which is contained in the master library 
DIAG96.LIB. 
To obtain access to the test, the user should invoke the batch file 
DSTRL.BAT 
with the background 
task file name and directory parameters. 
For 
example type: 


Since the interrupt service routines test 8096 on-chip I/O devices, the part under test 
must reside in a specified hardware environment. Two such environments are available 
for use with the Dynamic Stability Test. The test may run in either a single chip mode, 
or a cross-coupled two chip mode. Figures 2 and 3 show the cpnnections required for 
each configuration. In the single chip mode, output pins are connected to input pins on 
the same 8096. In the dual chip mode, output pins of one 8096 are connected to the 
input pins of the other (and vice versa). 


To run the test, the user must supply a background task that CALLs an initialization 
routine (DSTISR) with the specified parameters. After DSTISR returns, the interrupt 
service routines will begin running. The background task can then perform any function 
that conforms to the constraints discussed in Section 4. If the user does not wish to 
write a special background task, one is provided in the module DSTUSR. 


The following is an example CALL and a description of the parameters that must be 
passed to the initialization module (DSTISR). 


PUSH 
PUSH 
PUSH 
PUSH 
PUSH 
PUSH 
PUSH 
PUSH 
PUSH 
CALL 


<RAM segment1 starting address> 
<RAM segment1 ending address> 
<RAM segnient2 starting address> 
<RAM segment2 ending address> 
<random seed> 
<random test length> 
<argument1 for Multiply/DivideCore test> 
<argument2 for Multiply/DivideCore test> 
<bit pattern for memory test> 
DSTISR 


The RAM starting and ending addresses form a memory map for the memory tests that 
DSTISR runs. The internal RAM is always tested. The random seed is the starting point 
for ALU tests that execute for as many number pairs as is specified in the random test 
length parameter. Argumentl and argument2 are the operands for a Multiply/Divide test. 
The bit pattern parameter is used during a memory test of the internal RAM and the 
memory segments specified. 


Section 4 contains more detailed information on using the Dynamic Stability Test, while 
the next section lists some general restrictions and assumptions that need to be under- 
stood to properly use any MCS-96 Diagnostic Library module. 


Some general restrictions and assumptions need to be understood before any DIAG96.LIB 
programs can be successfully used. 


• 
Pay close attention to the warnings about STACK location in the test modules you 
use. If you use any of the specialized internal register tests, make sure that the STACK 
is located externally. Do not partition a region of memory that contains your STACK 
in any memory test, unless you first move the STACK to an area you already tested. 


• 
All General Diagnostics assume that the WATCHDOG TIMER is either being RESET 
by an interrupt service routine created by the user, or that it was never enabled. Only 
SYS02 ever locks out interrupts for a significant period of time. The amount of time 
they are locked out depends upon the parameters passed. 


• 
The Dynamic Stability Test takes·care of the WATCHDOG TIMER within its interrupt 
service routines. But, do not write to the WATCHDOG before CALling the initial- 
ization subroutine. 


• 
In any Dynamic Stability application, the user's Main Task should not lock out in- 
terrupts for more than a few instructions, as the CPU can get quite loaded down with 
interrupt requests that are very time dependent. 


The 24 General Diagnostics included in DIAG96.Lffi provide a good set of basic memory 
and ALU confidence tests that can be easily linked to application programs. 


The General Diagnostics allow for a wide flexibility in how a user's system is configured 
with respect to memory maps and interrupt environment. Except where noted, all tests 
are interruptible, and maintain Program Status Word and interrupt mask integrity. The 
tests conform to PLM96 conventions, and require only run-time parameters to be passed 
for such specifics as memory test bounds and ALU test duration. 


The tests are independent to allow specialized diagnostics to be developed as desired. 
Use just the quick power-up test (SYS02) to verify operation, or use the module that 
calls all General Diagnostics (D96A96) and let it run continuously for months. A module 
that performs the most common set of tests is also provided (D96FST). 


The tests provided are of four classes: System Tests (SYSnn), ALU Tests (ALUnn), 
Memory Tests (MEMnn), and Collected Tests (D96xxx). To use any of the modules, 
from zero to ten parameters are PUSHed onto the STACK and the test is CALLed. Results 
are returned in the two word registers beginning at # ICH. The symbolic names for these 
locations (EREG I and EREG2) are made PUBLIC if any DIAG96.LIB module is linked. 
They also may be referenced in PLM$REG for PLM96 programs. 


To obtain access to library modules, the user should declare the needed module names 
EXTERNAL code segment symbols, and link to: 


DIAG96.L1B 


The next few pages contain a brief overview of each of the four classes of tests. Then, 
the actions of each test are described in more detail. 


Common symbol definitions, storage reservations and two common routines are located 
in SYSOI. A reference to any DIAG96.Lffi module will cause SYSOI to be linked. 
SYS02 is meant to be called immediately after a RESET. It checks the special function 
register status and stack pointer, program status word and timer functionality. SYS03 is 
a simple program counter test. It does not test the complete range of the counter, and 
requires external RAM to execute. 


SYS01: Common module 
SYS02: 
RESET test 
SYS03: 
Program counter exercise 


Five ALU modules are provided for checking ALU functionality. All report errors with 
a code in EREGI/EREG2. 


is executed to test each adder bit with all possible combinations of a bit operation with 
and without carry-in. 


Unsigned byte multiplication is verified by ALU02. This module simply executes all 
possible unsigned byte multiplications. Although not elegant, the test is effective. It takes 
six seconds. 


A general test of the multiplication and division functions can be made with ALU03. 
The module executes all possible combinations of signed and unsigned, byte and word, 
two and three operand Multiplies and Divides using a specially selected table of numbers 
as operands. 


ALU04 extends the ALU03 test by generating pseudo-random test pairs. The user program 
simply specifies a seed value for the random number generator, and the number of pairs 
to generate. 


ALU05 is the core module for multiply/divide tests. Both ALU03 and ALU04 call ALU05. 
The user can also call ALU05 by passing a pair of test arguments. The module executes 
all possible combinations of signed and unsigned, byte and word, two and three operand 
Multiplies and Divides using the arguments passed as operands. 


ALU01: Table-driven Addition/Subtraction 
ALU02: 
MULUB (all possible arguments) 
ALU03: Table-driven Multiply/Divide 
ALU04: 
Pseudo-random Multiply/Divide 
ALU05: 
Multiply/Divide core module 


The DIAG96.LIB MEMnn modules provide tests for register space, external RAM, and 
ROM. The algorithms used include: walking and galloping ones; walking and galloping 
zeros; checkerboard patterns; complementary addressing; and checksum verification. 


The register tests are in MEMOl-MEM05, and MEMOC. With the exception of MEM04, 
the register tests save the contents of all internal registers except PLM$REG on the 
STACK before testing, and restore the data when done. If a faulty location is found, its 
address is reported. MEM04 is a utility which returns the number of bits set in a specified 
operand. 


The external RAM tests are located in MEM06-MEMOA, and MEMOD. They all return 
a two-word code upon completion. The calling program must partition the RAM to be 
tested before calling an external RAM test. 


Algorithm 
Internal Registers 
Exlernal RAM 
ROM 


Complementary 
Address 
MEM01 
MEM06 
Walking Ones 
MEM07 
Walking OneslZeros 
MEM02 
MEM09 
Galloping Ones 
MEMOS 
Galloping OneslZeros 
MEM03 
MEMOA 
Bit Counter 
MEM04 
Checkerboard 
Pattern 
MEMOS 
User Specified 
Pattern 
MEMOC 
MEMOD 
Checksum 
MEMOB 
MEMOB 
MEMOB 


The D96xxx set of modules collects together all, or several, of the General Diagnostics 
and performs them according to the parameters passed. D96A96 is an ASM96 module 
that calls all tests. D96P96 is a PLM96 module that calls all tests. D96FST is an ASM96 
module that calls a logical selection of tests. 


D96A96: All tests 
I ASM96 
D96P96: 
All tests 
I PLM96 
D96FST: Selection of tests 
I ASM96 


This module contains the global symbol declarations and five utilities used by the General 
Diagnostics. 


Assembly Language Calling Sequence: 


CALL 
GeLPsw 
or 
CALL 
Put_Psw 
or 
CALL 
Get_Parms 
or 


CALL 
Stack_Ram 
or 
CALL 
Restore_Ram 


USER_PSW 
: = PSW 
EREGI 
:= 0 
EREG2 
:= Offffh 


PARM2 := Last Parameter 
put on the STACK 
PARMI: 
= Next to last parameter 
put on the STACK 
USER_PSW 
:= PSW 
EREG I 
:= Offfh 
EREG2 
:= OOOOh 


PUSH laH; 
Ptr: = 20H 
Do While Ptr< lOOh; 
PUSH [Ptr]+ 
End While; 


Ptr := Ofeh; 
Do While Ptr> leh; 
POP [Plr]; 
Ptr: =Ptr-2; 


End While; 
POP laH; 


A call to any General Diagnostic module will cause SYSOI to be linked. This module 
contains the definition of 4 words of memory used by every module to report errors and 
store temporary parameters. The STACK routines are used by the internal register tests 
to save and restore the data in the registers when called. It also INCLUDES an expanded 
8096.INC file to provide the PUBLIC declarations of commonly used symbols for the 
special function registers and constants such as CR and LF. 


Nearly all General Diagnostic modules use the routines in SYSOI to save the PSW when 
called, restore the PSW when returning control to the calling routine, save parameters 
from the STACK, and initialize the error registers. 


Brief Description: 


This test is a quick check of the Program Status Word, TIMER 1, 10S0,IOSI 
and the 
Interrupt Pending Register. It is meant to be called just after a RESET. 


EREG 1 := 0102h on unexpected 10SO or 10S I - 
EREG2 := 10SO in low byte 
10SI in high byte 
EREGI 
:= 0202h if TIMER 1 does not change - 
EREG2 := TIMER 1 
EREG 1 := 0302h if Zero register failed 
EREGI 
':= 0402h if PUSHFIPOPF 
failed 


EREG 1 := 0602h if Carry Flag failed 
EREG 1 := 0702h on an overflow flag error 


- 
EREG2 := PSW at Failure 
- 
EREG2 := erroneous value 
found 
- 
EREG2 := 3fffh if bit did not 
set 
:= OOOOhif bit did not 
clear 
- 
EREG2 := xxxxh 
- 
EREG2 := 0002h if flags set 
wrong 
:= xxxxh flags cleared 
wrong 
- 
EREG2 := offending Int. Pend. 


value 


This module verifies that TIMER I is changing, then attempts to change the value in the 
ZERO register. Then, a set of PUSHFs and POPFs is done with test values to verify 
correct action of these instructions. The carry, sticky and overflow bits in the program 
status word are then tested. Finally, the Interrupt Pending register bits are tested for their 
ability to be set and cleared. Any unexpected result is reported. 


Any error found having to do with the PUSHF/POPF instructions or the PSW, including 
Interrupt Pending, will cause interrupts to be disabled before returning to the calling 
module. 


This test writes code into a user selected partition of RAM and executes the code. Elapsed 
time and special registers are checked for correctness. 


PUSH 
PUSH 
CALL 


<start address> 
<end address> 
SYS03 


EREG 1 := 0003h 
EREG2 := OOOOh 
EREGI 
:= 0103h if test code returned early 
EREG2 := Early time 


EREG 1 := 0203h if test code returned late 
EREG2 := Late time 


EREG 1 := 0303h if count register is incorrect 
EREG2 : = erroneous counter value 


Detailed Description: 


This module accepts starting and ending addresses for an external RAM partition, adjusts 
the boundaries to be double word aligned, and writes three lines of code repeatedly into 
the partition. The code that is written increments a counter then executes two NOPs every 
12 state times. The last byte written into the RAM partition is a RET opcode. 


After the RAM partition is adjusted and the code written into the RAM, the test puts a 
return address on the STACK, stores TIMER! and CALLs the first byte of the RAM. 
When the last byte of RAM is executed, program control returns to SYS03. TlMERI is 
again stored. The test then compares the elapsed time to the expected elapsed time. The 
value remaining in the counter is also checked for correctness. Any deviations from 
expected are reported. 


Caution: Since interrupts are locked-out while the code in RAM is executing, partitioning 
more than 4000h bytes of RAM for this test could cause a WATCHDOG TIMER overflow 
if the watchdog was started before SYS03 is called. 


This routine adds then subtracts two carefully selected eight-word variables and verifies 
the results. 


Assembly 
Language 
Calling Sequence: 


CALL 
ALU01 


EREGI := OOllh 
EREG2 := OOOOh 
EREGI := 0111h on an addition error 
:= 0211h on a subtraction error 
:= 0311h on a flag error 


EREG2 := offending argument on error 


Two eight-word operands are added together and the results verified. Then, the operands 
are subtracted and verified. The operands were chosen to exercise every possible com- 
bination of two bits and a carry into each bit of the adder. Correctness of the result and 
the resultant flags is verified. 


The operands are: 


05555AAAA5555AAAAFFFFOOOOAAAA5555H 
+ 05555AAAAAAAA5555FFFFOOOO5555AAAAH 


OAAAB 5 55500000000FFFEOOOOFFFFFFFFH 


05555AAAAAAAA5555FFFFOOOO5555AAAAH 
- OAAAA5555AAAA55550000FFFF5555AAAAH 


OAAAB 55 5500000000FFFEOOOOFFFFFFFFH 


This module simply tests the MULUB instruction for all possible combinations of byte 
multipliers and multiplicands. 


Assembly Language Calling Sequence: 


CALL 
ALU02 


EREGI 
:= OOl2h 
EREG2 := OOOOh 
EREG 1 := 0112h on an error 
EREG2 := multiplier/multiplicand 


This test executes all possible combinations of operands into the MULUB instruction. 
Results are verified through a method of addition and subtraction as operands cycle. The 
status of PSW flags is not verified in this routine. 


This module sends a specially constructed table of operands through the general Multiply/ 
Divide Core test (ALU05). 


Assembly Language Calling Sequence: 


CALL 
ALU03 


EREGI 
:= OOl3h 
EREG2 := OOOOh 
EREGI 
:= 0115h on a signed error 
:= 0215h on an unsigned error 
:= 0315h on a flag error 


EREG2 := offending argument on error 


This test sends a table of operands through the MUltiplYlDivideCore test. The 18operands 
were selected to exercise all of the hardware multiply and divide control signals. 


The operands are: 


Arg.1,Arg.2 


1D99H, 
OFFFFH 
9D99H, 
5555H 
OE266H, 
OAAAAH 
1D99H, 
5555H 
9D99H, 
OAAAAH 
OE266H, 
OFFFFH 
0063H, 
0055H 
0066H, 
OOAAH 
0063H, 
OOFFH 


Arg.1,Arg.2 


OFFFH, 
9D99H 
5555H, 
OE266H 
OAAAAH, 
1D99H 
5555H, 
9D99H 
OAAAAH, 
OE266H 
OFFFFH, 
0063H 
0055H, 
0066H 
OOAAH, 
0063H 


This module is a pseudo-random number generator that sends pairs of arguments to the 
Multiply/Divide Core test (ALU05). 


Assembly Language Calling Sequence: 


PUSH 
PUSH 


CALL 


<seed> 
<count> 


ALU04 


EREGI 
:= OOl4h 
EREG2 := OOOOh 
EREGI 
:= Ol15h on a signed error 
:= 0215h on an unsigned error 
:= 0315h on a flag error 


EREG2 := offending argument on error 


This module first executes the table driven MultiplylDivide test (ALU03). Then, ifpassed, 
pseudo-random argument pairs are generated and fed into the generalized Multiply/Divide 
Test (ALU05). The parameters passed to ALU04 set the random number seed, and the 
duration of the test. 


There is no restriction on the values passed to the test. However, it must be noted that 
all possible combinations of signed and unsigned, byte and word, two and three operand 
Multiply/Divides are done at least twice for each pair of arguments sent to ALU05. Each 
such test takes from I to 5 milliseconds depending upon the arguments. Therefore, if 
large values for the count parameter are selected, the test will be long. For example, 
lOOOhas a count will take about 12 seconds, depending upon the seed. NOTE: Some 
versions of SIM96 will not pass this test. 


The formula used to generate the number pairs is as follows: 


X(n + 1) = [(0101 h + 
0001 h) • X(n) 
+ 0001 h] MOD Offffh 
where X(O) = seed 


This test performs a Divide/re-Multiply sequence for all possible combinations of two or 
three operand, signed or unsigned, byte or word operations using the arguments passed 
to it as operands. The results are verified. 


PUSH 
PUSH 
CALL 


<argument1 > 
<argument2> 
ALU05 


EREGI 
:= OOl5h 
EREG2 := OOOOh 
EREGI 
:= O1l5h on a signed error 
:= 02l5h on an unsigned error 
:= 03l5h on a flag error 


EREG2 
:= offending argument on error 


This module takes arguments from a calling program and performs upon them all possible 
combinations of byte or word, two or three operand, signed or unsigned multiplication 
and division. Argument2 is used to create the high and low words for a word Divide, 
and the low byte of Argumentl is used as the divisor in a byte Divide. 


The test checks multiplication and division by first dividing one operand by the other, 
then multiplying the quotient by the divisor and adding the remainder. If the result is the 
original dividend, the operations were correct. However, the possibility of legitimate 
division overflows must also be considered. 


The test first performs a division and checks flag status for correct indication of overflow 
conditions. If there has been an overflow, the dividend is right shifted by one, the expected 
result is updated, and the division is performed over. If a division by zero occurred, just 
the expected result is corrected and the test is continued. 


After a division and overflow checklfixup is complete, a re-multiplication occurs and the 
result verified. Flag status is also verified. If the results are correct, the original operands 
are reloaded into the test operand registers and the next Divide/re-Multiply combination 
is begun. 


All Divide/Multiply combinations are performed twice. Once with flags set upon entry, 
and once with flags clear upon entry. 


CALLing ALV03 will run a specially selected table of operands through this test. CALL- 
ing ALV04 will run a pseudo-random string of operands through this test. 


Complementary 
Address 
(MEM01) 
(for registers) 


This module performs a complementary address test on the registers locations lab to 
Ofth. 


EREGI := 0021h 
EREG2 := OOOOh 
EREGI := Ol2lh 
EREG2 := address of the error 


This module performs a simple address and integrity test on register locations lab-Ofth. 
The algorithm stores the value NOT(ADDRESS) in the location pointed to by ADDRESS 
for the range, then loops through memory again to verify the contents. 


Caution: If the STACK is partially internal, the STACK POINTER must be pointing at 
least 260 bytes into external RAM at the time MEMOI is called. The STACK cannot be 
entirely internal. The arithmetic flags in the PSW are undefined after execution of MEMOI. 


EREG 1 := 0022h 
EREGI 
:= OOOOh 
EREGI 
:= 0122h 
EREG2 
:= address of the error 


The Walking Ones memory test first loads zero in all locations to be tested. Then, ones 
are placed in the first byte of memory, followed by a verification of all locations. Next, 
the first location is zeroed and ones are loaded into the second location. All memory is 
again verified. This process continues until all locations have been loaded with ones. 


The Walking Zeros memory test works exactly like Walking Ones, except that a zero is 
"walked" 
through memory filled with ones, instead of ones being walked through a 
memory filled with zeros. 


Caution: 
If the STACK is partially internal, the STACK POINTER must be pointing at 
lest 260 bytes into external RAM at the time MEM02 is called. The STACK cannot be 
entirely internal. The arithmetic flags in the PSW are undefined after execution ofMEM02. 


Galloping 
OneslZeros 
(MEM03) 
(for registers) 


EREGI 
EREG2 


0023h 
OOOOh 
EREGI 
EREG2 
Ol23h 
address of the error 


The Galloping Ones algorithm tests memory by first loading zeros into all locations. Then 
ones are loaded into the first byte and all memory is verified. The verification is done 
by alternating reads to the first location and locations through all memory. Next, ones 
are placed in the second location without altering the first. Verification is again performed 
by alternating reads to the second location and the rest of memory. This process continues 
until all-locations contain ones. 


The Galloping Zeros test is similar to Galloping Ones, except that zeros slowly fill a 
memory filled with ones. In Galloping Ones, ones slowly fill a memory filled with zeros. 


Caution: If the STACK is partially internal, the STACK POINTER must be pointing at 
least 260 bytes into external RAM at the time MEM03 is called. The STACK cannot be 
entirely internal. The arithmetic flags in the PSW are undefined after execution of MEM03. 


PUSH 
CALL 
test_value 
MEM04 


EREGI 
.- 
EREG2 


0024h 
OOOOh 
EREGI 
EREG2 
Ol24h 
number of bits set 


This module returns the number of bits that are set in the low byte of the parameter 
passed to the test. Any addressing mode may be used to put a value on the STACK, but 
the parameter on the STACK is treated as an immediate value. 


Checkerboard 
Pattern (MEMOS) 
(for registers) 


EREGI .- 
EREG2 
0025h 
OOOOh 
EREGI 
EREG2 
0125h 
.- 
address of the error 


This module performs a checkerboard test on the internal registers. A checkerboard pattern 
of ones and zeros is written into the physical rows and columns of the 8096 register 
space. As the pattern is being written, it is repeatedly verified. After the entire pattern 
is in place, the memory is verified again, complemented, and re-verified. 


Caution: If the STACK is partially internal, the STACK POINTER must be pointing at 
least 260 bytes into external RAM at the time MEM05 is called. The STACK cannot be 
entirely internal. The arithmetic flags in the PSW are undefined after execution of MEM05. 


This module performs a complementary address test on the memory partitioned by user 
supplied pointers. 


PUSH 
PUSH 
CALL 


<start address> 
<end address> 
MEM06 


EREGI 
EREG2 
0026h 
OOOOh 
EREGI 
EREG2 
0126h 
offending address 


This module performs a simple address and integrity test on RAM locations partitioned 
by the parameters passed. The algorithm stores the value NOT(ADDRESS) in the location 
pointed to by ADDRESS for the range, then loops through memory again to verify the 
contents. 


PUSH 
PUSH 
CALL 


<start address> 
<end address> 
MEMO? 


EREGI .- 
EREG2 
0027h 
OOOOh 
EREGI 
EREG2 .- 
Ol27h 
offending address 


This module performs a Walking Ones test on the memory partitioned by the calling 
program. The Walking Ones memory test first loads zero in all locations to be tested. 
Then, ones are placed in the first byte of memory, followed by a verification of all 
locations. Next, the first location is zeroed and ones are loaded into the second location. 
All memory is again verified. This process continues until all locations have been loaded 
with ones. 


Caution: Do not partition RAM that holds valid elements of the STACK. And, execution 
time increases non-linearly with memory partition widths. 


This module performs a Galloping Ones test on memory partitioned by the calling 
program. 


PUSH 
PUSH 
CALL 


<start address> 
<end address> 
MEM08 


EREGI 
EREG2 
0028h 
OOOOh 
EREGI 
EREG2 .- 
Ol28h 
offending address 


This module performs a Galloping Ones test on memory locations partitioned by the 
calling program. 


The Galloping Ones algorithm tests memory by first loading zeros into all locations. Then 
ones are loaded into the first byte and all memory is verified. The verification is done 
by alternating reads to the first location and locations through all memory. Next, ones 
are placed in the second location without altering the first. Verification is again performed 
by alternating reads to the second location and the rest of memory. This process continues 
until all locations contain ones. 


Caution: 
Do not partition locations that contain valid elements of the STACK. And, 


execution time increases non-linearly with memory partition widths. 


This module perfonns a Walking Ones and Zeros test on the memory locations partitioned 
by the calling program. 


PUSH 
PUSH 
CALL 


<start address> 
<end address> 
MEM09 


EREGI 
EREG2 
0029h 
OOOOh 
EREGI 
EREG2 
Ol29h 
offending address 


This module perfonns a Walking Ones and Zeros test on the memory partitioned by the 
calling program. 


The Walking Ones memory test first loads zero in all locations to be tested. Then, ones 
are placed in the first byte of memory, followed by a verification of all locations. Next, 
the first location is zeroed and ones are loaded into the second location. All memory is 
again verified. This process continues until all locations have been loaded with ones. 


The Walking Zeros memory test works exactly like Walking Ones, except that a zero is 
"walked" 
through memory filled with ones, instead of ones being walked through a 
memory filled with zeros. 


Caution: Do not partition RAM that contains valid elements of the STACK. And, 
execution time increases non-linearly with memory partition widths. 


This module performs a Galloping Ones and Zeros test on the memory locations partitioned 
by the calling program. 


PUSH 
PUSH 
CALL 


<starting 
address> 
<ending 
address> 
MEMOA 


EREGI 
EREG2 
002Ah 
OOOOh 
EREGI 
EREG2 .- 
Ol2Ah 
offending address 


This module performs a Galloping Ones and Zeros test on memory partitioned by the 
calling program. 


The Galloping Ones algorithm tests memory by first loading zeros into all locations. Then 
ones are loaded into the first byte and all memory is verified. The verification is done 
by alternating reads to the first location and locations through all memory. Next, ones 
are placed in the second location without altering the first. Verification is again performed 
by alternating reads to the second location and the rest of memory. This process continues 
until all locations contain ones. 


The Galloping Zeros test is similar to Galloping Ones, except that zeros slowly fill a 
memory filled with ones. In Galloping Ones, ones slowly fill a memory filled with zeros. 


Caution: 
Do not partition RAM that contains valid elements of the STACK. And, 
execution time increases non-linearly with memory partition widths. 


This module calculates a 16bit checksum for the memory partition specified by the calling 
program. 


PUSH 
PUSH 
CALL 


<starting 
address> 
<ending 
address> 
MEMOS 


EREGI 
EREG2 
012bh 
16-bit checksum 


This module performs a 16-bit checksum on the region of memory partitioned by the 
calling program. RAM or ROM may be partitioned. The module is non-destructive to 
RAM. 


User Pattern 
(MEMOC) 
(for registers) 


This module performs a Checkerboard Pattern test on the internal registers Iah-Offh with 
a user specified bit pattern. 


PUSH 
CALL 


<desired 
bit pattern> 


MEMOC 


EREGI 
EREG2 


002Ch 
OOOOh 
EREGI 
EREG2 
012Ch 
address of the error 


This module performs a checkerboard test on the internal registers with the bit pattern 
specified by the calling program. The pattern is written into the physical rows and columns 
of the 8096 register space. As the pattern is being written, it is repeatedly verified. After 
the entire pattern is in place, the memory is verified again, complemented, and re-verified. 


Caution: If the STACK is partially internal, the STACK POINTER must be pointing at 
least 260 bytes into external RAM at the time MEMOC is called. The STACK cannot be 
entirely internal. The arithmetic flags in the PSW are undefined after execution of 
MEMOC. 


This module performs a Checkerboard Pattern test on a specified region of memory with 
a specified pattern of bits. 


PUSH 
PUSH 
PUSH 
CALL 


<starting 
address> 


<ending 
address> 
<bit pattern> 
MEMOD 


EREGI 
EREG2 
002dh 
OOOOh 
EREGI 
EREG2 
012dh 
offending address 


This module performs a checkerboard test on a region of memory that is specified by the 
calling program using a bit pattern which is also specified. First, the pattern is written 
into memory. As the pattern is being written, it is repeatedly verified. After the entire 
pattern is in place, the memory is verified again, complemented, and re-verified. 


PUSH 
PUSH 
PUSH 
PUSH 
PUSH 
PUSH 
PUSH 
PUSH 
PUSH 
PUSH 
CALL 


<RAM segment1 starting address> 
<RAM segment1 ending address> 
<RAM segment2 starting address> 
<RAM segment2 ending address> 
<random 
seed> 
<random test length> 
<top of code address> 
<argument1 
for Multiply/Divide Core test> 
<argument2 
for Multiply/Divide Core test> 
<bit pattern for memory test> 
D96A96 


EREGI 
EREG2 


0030h 
code checksum 
EREGI 
EREG2 


. - 
test module error code 
test module detail code 


This module calls all General Diagnostics using the parameters passed by the calling 
program. The parameters needed by the test for proper execution specify two areas of 
external RAM for memory tests, the ending address of code to be checksummed, the 
seed and length of the random ALU test, two specific arguments to do the Multiply/ 
Divide Core test, and a bit pattern for memory tests. 


Execution speed of this test is highly dependent upon the memory partitions and the 
length requested for the random ALU test. For example, partitioning lk and 8k regions 
of memory, and calling for lOOOhrandom ALU tests, the test takes 3 hours to complete. 
Testing smaller regions of memory (i.e. lk and lk) can reduce test time to a few minutes. 


Caution: 
An external STACK must be used with this test, and it must be in a part of 


memory outside that partitioned during the CALL. 


D96P96(RAM segment1 starting address. 
RAM segment1 ending address. 
RAM segment2 starting address. 
RAM segment2 ending address. 
random seed. random test length. 
top of code address. 
argument1 for MultiplylDivide Core test. 
argument2 for Multiply/Divide Core test. 
bit pattem for memory tests); 


PLMREG 
PLMREG+2 


OOFOh 
l6-bit checksum 
PLMREG 
PLMREG+2 
module error code 
module detail code 


This module calls all General Diagnostics using the parameters passed during invocation. 
The parameters needed by the test for proper execution specify two areas of external 
RAM for memory tests, the ending address of code to be checksummed, the seed and 
length of the random ALU test, two specific arguments to do the Multiply/Divide Core 
test, and a bit pattern for memory tests. 


Execution speed of this test is highly dependent upon the memory partitions and the 
length requested for the randofTlALU test. For example, partitioning lk and 8k regions 
of memory, and calling for lOOOhrandom ALU tests, the test takes 3 hours to complete. 
Testing smaller regions of memory (i.e. lk and lk) can reduce test time to a few minutes. 


In his program, the user will have to DECLARE D96P96 an external procedure of the 
LONG type, with its parameters declared SLOW. The EREG I and EREG2 values reported 
by library modules are placed in the long-word location at PLM$REG. 


The DECLARations in D96P96 show how anyone General Diagnostic Module could be 
called from a PLM96 program. Each needed module needs to be DECLAREd an external 
procedure of the LONG type. 


Caution: 
An external STACK must be used with this test, and it must be in a part of 
memory outside that partitioned during the CALL. 


PUSH 
PUSH 
PUSH 
PUSH 
PUSH 
PUSH 
PUSH 
PUSH 
PUSH 
PUSH 
CALL 


<RAM segment1 starting address> 
<RAM segment1 ending address> 
<RAM segment2 starting address> 
<RAM segment2 ending address> 
<random seed> 
<random test length> 
<top of code address> 
<argument1 
for Multiply/Divide Core test> 
<argument2 
for Multiply/Divide Core test> 
<bit pattern for memory test> 
D96FST 


EREGI 
EREG2 


OOEOh 
code checksum 
EREGI 
EREG2 
test module error code 
test module detail code 


This module calls the Power-up and Program Counter tests then all ALU tests. Then, 
Complementary Address, Galloping Ones/Zeros and Checkerboard tests are run on the 
internal registers. Finally, Complementary Address and specified pattern tests are done 
on external memory and the program is checksummed. 


The parameters needed by the test for proper execution specify two areas of external 
RAM for memory tests, the ending address of code to be checksummed, the seed and 
length of the random ALU test, two specific arguments to do the MultiplylDivide Core 
test, and a bit pattern for memory tests. 


Execution speed of this test is highly dependent upon the memory partitions and the 
length requested for the random ALU test. For example, partitioning lk and 8k regions 
of memory, and calling for lOOOhrandom ALU tests, the test takes about 20 seconds to 
complete. Testing smaller regions of memory (i.e. lk and lk) can reduce test time further. 


Caution: 
An external STACK must be used with this test, and it must be in a part of 


memory outside that partitioned during the CALL. 


The Dynamic Stability Test is a set of interrupt service routines designed to run over a 
user's background task in either one stand alone 8097, or two 8097s that are cross- 
coupled. In the stand alone mode, the chip's output pins are hooked to its input pins. 
In the dual chip mode, each controller's output pins are tied to the input pins of the 
other. The minimum configuration for each mode are shown in Figures 2 and 3. See 
Figure 
II 
for the circuit diagram 
of a board that can be jumpered 
for either 
configuration. 


A "Dynamic 
Stability" 
test was developed to enable testing of the 8097 in an asyn- 
chronous environment. In the one chip mode, HSO events are synchronized with the HSI 
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event capture logic. However, in the cross-coupled mode, HSO events generated by one 
chip are captured in the HSI unit of another. As long as separate, non-syncronized clock 
sources are used for each chip, the HSI line events will occur asynchronously to the chip. 


To implement a test that could be either stand alone or co-resident without modifica- 
tion, the creation and verification of I/O events needed to be decoupled. Thus the basic 
structure of the Dynamic Stability Test takes the form of a set of I/O Yroducers causing 
events that I/O 
Consumers verify. Figure 4 gives a macro view of the Producer/ 


Consumer relationship. 
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occur using this method is 9 state times (2.25 JLS in a 12 Mhz system). However, the 
skew should average between four and five state times. In any case, the parts will be far 
from synchronized shortly after the tests begin. This is fine, as long as the tests begin 
together. 


In a one chip system, this process appears as a 600 microsecond pulse on PORT!.3. 
(See Figure 6.) The tests begin 600 microseconds after the rising edge. 


When synchronization is complete, the interrupt service routines are initialized, interrupts 
are enabled, and control is returned to the background task. At this point, the testing 
really begins. 


Producers and Consumers 


The Producer/Consumer 
exchanges on the 8097 are executed by the interrupt service 
routines of the Dynamimc Stability Test. 
While some interrupt routines contain an 
entire Producer or Consumer, some are spread through many routines. Figure 7 shows 
on a broad level the transactions that occur during test execution. Short descriptions of 
each Producer and Consumer follow,along with an indication of which interrupt routines 
contain them. 


Serial Producer 
eDSTSERe 
The Serial Producer constantly transmits a table of alpha- 
betic and special characters, and test data which includes the current status of the test 
and the REAL TIME since reset. 


Serial Consumer 
eDSTSERe 
The Serial Consumer monitors the data coming over the 
serial link to see if all the expected characters are transmitted correctly and in the correct 
order. Transmission of the test data and the REAL TIME is checked by counting characters 
between carriage returns. 


Port! 
Producer 
eDSTSWTe 
The Portl Producer outputs a series of values on Portl 
that are contained in a table constructed to test all possible combinations of input and 
output of ones and zeros. The test producer executes every 5000h TIMER I counts via 
the expiration of Software Timer I. 


Portl 
Consumer 
eDSTSWTe 
The Portl Consumer verifies the patterns appearing on 
Portl using a table which contains the expected values. The check executes every lOOOh 
TIMERI counts via the expiration of Software Timer 2. 


AID Producer 
eDSTSWTe 
The AID Producer continually starts AID conversions by 
loading an HSO command to initiate an A/D. The AID Producer executes every time 
Software Timer 0 expires. 


AID Consumer eDSTA2De The AID Consumer verifies the result of conversions initiated 
by the AID Producer. It then changes the channel set for conversion and loads an HSO 
command to cause a Software Timer 0 expiration. 


tA "'TEST 
BEGINS 


Producer/Consumer exchanges were defined to test nearly all of the 8097 110 capabilities 
concurrently. Following initialization, the transactions described are carried out by the 
set of interrupt service routines that make up the Dynamic Stability Test. The following 
section describes the test initialization. Then the tests performed are briefly described in 
the Producer/Consumer framework. 


To get the ball rolling, the background task must first CALL an initialization routine 
(DSTISR). This routine clears memory, executes the Selected Tests program (D96FST) 
from the General 
Diagnostics, 
and checks for the presence of an external clock on 
T2CLK. The serial port is then initialized for internal or external baud rate generation 
based on the presence of an external clock, and sign on messages are sent over the serial 
channel. 


After initial tests are complete, and just prior to initiation of the interrupt service routines, 
a pulse is sent out on PORT1.3 that is used to synchronize controllers in the two chip 
mode. (See Figure 5.) Remember that the objective of the Dynamic Stability Test is to 
test the controllers asynchronously. Therefore, the synchronization is only done to insure 
that neither controller starts testing before both are ready to begin. 


When a controller is ready to synchronize, it places a 0 on the PORTI. 3 pin and looks 
for a 0 on its PORTIA pin. When a 0 is seen, the chip delays 600 microseconds, and 
then PORTI.3 is set high. The chip then loops until PORTIA also goes high. Another 
delay is inserted, and the tests begin. The worst skew between two controllers that can 


External Interrupt 
Producer enSTHSOe 
The External Interrupt Producer causes rising 
edges on HSO.I, which is tied to EXTINT. This Producer executes every time there has 
been a falling edge on HSO.1. 


External 
Interrupt 
Consumer 
enSTEXIe 
The External Interrupt Consumer responds 
to rising edges on EXTINT. It resets the WATCHDOG TIMER every execution and tests 
the Test Status Words every 30h executions to see that all tests are running. This Consumer 
also loads an HSO command to cause a falling edge on HSO.l 


PWM Producer 
enSTToVe 
The PWM Producer executes every time there is a timer 
overflow. In addition to changing the PWM period, it toggles an LED and checks for 
unexpected T2CLK overflows. There is no PWM Consumer per se, but the PWM output 
is tied to HSI.l which is configured to clock T2CLK. In this way T2CLK counts at a 
known average rate, and is used by the test in a modulo count fashion to generate a real 
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time clock. This module is also expandable to include tests that a user might want to 
execute only periodically. 


HSO Producer 
.DSTHSO. 
The High Speed Output Producer executes every time an 
HSO event on HSO.2 or HSO.3 occurs. Varying pulse widths are created on the pins 
using predetermined tables of values. The minimum pulse width is lOOOH;the maximum 
is OCOOOHTIMERI counts. 


HSI Consumer 
.DSTHSI. 
The high speed inputs are monitored by the High Speed 
Input Consumer. The check executes every time an event occurs on HSI.2 or HSI.3. The 
HSI Consumer verifies that the proper pulse widths appear on the pins, and that the series 
of pulse widths is in the right order. 


Interrupt 
BURST Producer 
.DSTSWT,DSTHIO,DSTHSO,DSTHSo- 
The previous 
Producer/Consumer transactions either go between controllers in the dual-chip mode, or 
stay within the same controller in the single-chip mode. However, there is one Dynamic 
Stability Test that executes invisibly to a co-controller in the dual-chip mode. This test, 
the Interrupt BURST Test, causes a flood of interrupts that almost fully load the 8097 
with interrupt response requests. 


The Interrupt BURST Producer causes a complex chain of events that eventually lead to 
the updating of the REAL TIME Clock. Since the succession of events involves half of 
the interrupt service routines, the whole process is described here for understanding. 


The Big Picture - 
Each time the REAL TIME Clock is ready to be updated, a BURST 
of interrupts is setup to occur as close together as possible. Figure 8 shows the sequence 
of events that occur, their dependency on T2CLK and the commands written into the 
HSO CAM. If you don't need any more detail, skip "The nitty-gritty". 


The nitty-gritty 
- 
Every time an the AID Consumer finishes executing it sets up a 
Software Timer 0 expiration for TIMER I = TIMER I + 2. While T2CLK is between 
l00h and 6OOh,the AID Producer (Software Timer 0) causes a new conversion with an 
HSO command. If T2CLK is greater than 6OOh,then an HSO command is loaded to 
cause a falling edge on HSO.O instead of causing an AID conversion to start. This begins 
the BURST sequence. 


The falling edge on HSO.O causes an HSO interrupt and an HSI interrupt, since HSO.O 
is tied to HSI.O. The HSO interrupt loads commands to raise HSO.O at T2CLK= 1900h 
and start an AID at T2CLK= 18ffh. The HSI interrupt loads no HSO commands. 


When T2CLK= 18ffh an AID conversion is begun. When T2CLK= 1900h a rising edge 
occurs on HSO.O causing T2CLK to be reset and HSO,HSI and HSI.O interrupt requests 
to be made. At approximately the same time an AID conversion completes and the AID 
Done interrupt request is made. 


The HSO interrupt service causes no further events. The HSI interrupt service routing 
loads an HSO command to cause a Software Timer 3 interrupt at T2CLK = Offh. The 
AID Consumer loads an HSO command to cause a Software Timer 0 interrupt at 
TlMERI = TIMER I + 2. When the AID Producer executes it loads a command to start 
an AID conversion at T2CLK = lOOh. And the HSI.O interrupt service routine updates 
the REAL TIME Clock (the real output from this whole mess). 


The last interrupt that is serviced from this BURST is a Software Timer 3 expiration. 
This is the BURST Checker. It verifies that all interrupts occurred within a reasonable 
time window, but causes no further events if all tests passed. 


All these activities keep the HSO CAM almost fully loaded. So, to ensure that CAM 
overwrites never occur, two precautions were taken. First, one CAM slot was allocated 
to four of the tests that use the HSO unit, and two slots were allocated for shared use 
by the Interrupt BURST process and the AID conversion process. 


The second precaution was to confirm that either the CAM was not full or the HOLDING 
REGISTER was empty (depending upon the test) before allowing any write to the CAM. 


Figure 9 shows the HSO CAM loading over time, with T2CLK as the timebase. Exter- 
nal Interrupt, Portl, HSO.2 and HSO.3 events each are allocated the use of one CAM 
slot all the time. While T2CLK is below 600h, but above IOOh,another CAM slot is 
used by the AID Done - 
Start AID sequence. When T2CLK goes above 600h, two 
slots are used by the Interrupt BURST process. The BURST events conclude when 
T2CLK is reset and climbs to IOOh.At IOOh,the AID Done - 
Start AID sequence 
being again. 
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All program modules that are needed to run the Dynamic Stability Test are contained 
in the DST96 Library (DST96.LIB). This Library is also a part of DIAG96.LIB. To use 
the test, one or two 8097s must be configured as previously shown. A background task 
for the Dynamic Stability interrupt service routines must also be provided and linked to 
DIAG96.LIB. 
For those who don't wish to write a background task, one is provided 


(DSTUSR). But, any code may be written which follows some simple rules. 


The software constraints are relatively minor, but they do create incompatibility with 
PLM96. All background tasks should be written in ASM96. 


Minimally, the background task must load the STACK POINTER, PUSH parameters, 
CALL DSTISR, and go into a loop. Any other code may come after the CALL to DSTISR, 
as long as: 


• 
Interrupts are never disabled for more than a few instructions; 


• 
No operations to or from special function registers occur (with the exception of reading 
TIMERI or T2CLK), and 


Other less grave limitations on the main task are that it: 


• 
Be CSEGed at 2080h; 


• 
Write only to EREGl, EREG2, OSEG registers from 4Ghto 5Ch, or external RAM, 
(the OSEG is an RL96 technicality, once DSTISR returns control to the MAIN TASK, 
locations 40h to 5Ch are not touched by the Tests); other registers can be read, but 
not written to; 


• 
Communicate to the outside world through Port3 and Port4, (these Ports are untouched 
by the tests), or memory mapped I/O registers; 


To provide the Dynamic Stability Test modules for linkage to your program, modify 
the batch file DSTRL.BAT to suit your system with respect to memory mapping and 
invoke the batch file with the appropriate 
background task filename. For example, 


type: 


DSTRL DSTUSR 


The Dynamic Stability Test has been designed to allow flexibility in the way output 
from the tests is used. 


Minimally, no output device (printer, terminal) or function generators need to be attached 
to the test. If the LED attached to Port 2.7 is not flashing, the test failed. However, no 
other information may be gained. 


To support a greater level of debugging (of the test code initially), the test was designed 
to output status and error information to one 4800 and one 300 baud device. The baud 
rates are derived from the function generators if present. Figure 10 shows how both 
devices can be attached to the test. 


With this configuration, the test outputs an initialization message to both devices, then 
selects just the 4800 baud line for monitoring the Serial Port Producer/Consumer trans- 
actions. If an error is detected, the 300 baud line is selected for an error information 
dump. 


A diagram of the circuit used in developing the Dynamic Stabilty Test appears in Figure 
II. It is sufficiently general purpose for use in either the single or double chip modes, 
with or without printers or terminals attached. 


The circuit requires that the 8097 I/O signals be present on an SBE-96 compatible 50 
pin connector. The circuit also assumes that the analog voltage reference is provided 
through the cable. Therefore, if you are using the SBE-96, the jumpers to do this need 
to be in place (jumper numbers vary with the SBE-96 version). 


Figure 12 describes how to jumber the Dynamic Stability Test board for one or two 
chip tests. Figure 13 shows the SBE-96 50 pin connector pinout. The following sections 
describe in detail the actions of each interrupt service routine in implementing the 
Producer /Consumer transactions. 
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0240h if T2CLK won't change 
0340h if T2RST did not work 
0440h if lOCO.I did not work 


EREG2 
EREG2 - 
EREG2 - 
EREG2 .- 


TIMER I 
xxxxh 
xxxxh 
xxxxh 


This module initializes the registers used by Dynamic Stability Test Modules, checks 
to see if there is an external clock present, tests T2CLK counting and reset functionality, 
and outputs initialization messages to the two output devices. The selected tests module 
(D96FST) from the General Diagnostics is also executed using the parameters specified. 


When all initialization tests are passed, then a synchronization is performed to place the 
two processors in a dual-chip mode test in close sync. The PORT! pins are used as to 
perform the handshaking synchronization. After synchronization, all Dynamic Stability 
Tests are activated and control is returned to the user program. 


This module executes every time there is a rising edge on the EXTlNT pin. The test 
resets the WATCHDOG TIMER and verifies execution of all Dynamic Stability routines. 


EREGI 
. - 
OIAOh if a test did not execute 
EREG2 
. - 
Number of Shifts done 


This routine executes every time there is a rising edge on the EXTINT pin, causing an 
external interrupt. Each execution, the WATCHDOG TIMER is reset and an HSO com- 
mand to clear the HSO.I pin in lOOOhTIMERI counts is loaded into the CAM. The 
HSO routine that responds to that event will cause HSO.I to go high, thus causing another 
vector to DSTEXI. 


Every 30h executions of this module, the Test Status Words are NOTed and then 
NORMaLized to see if any test did not execute. If any bit in the Test Status Words is 
left set after being complemented, the NORML instruction will leave the most significant 
bit set, indicating an error. If there was no error, the TSWORDs are cleared. The user 
can change a mask in DSTEXI to enable checking of any of the currently spare bits in 
TSWORD. The TSWORD bit map is as follows: 
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This module contains the Serial Port Consumer and Producer routines for the Dynamic 
Stability Tests. It is executed on every Serial Interrupt. 


EREGI 
EREG2 
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OIBOh if a bad character was received 
actual received character 


02BOh if an incorrect number of characters 
came between carriage returns 


actual count 


This interrupt service routine executes every time there is a Serial Interrupt. The data 
that is transmitted and checked by the test consists of first, the alphabet and some special 
characters; second, the current REAL TIME; and finally, the bit representation of the 
Test Status Words. The receiver verifies the alphabet and funny characters and counts 
characters until a carriage return. The following is an example of what the output looks 
like. 


The code first checks for a Receive Done flag. If a receive just completed, the receive 
buffer is emptied and checked for validity. If the received character is a carriage return, 
then the count since the last carriage return is checked for correctness. 


After the receive service has finished, or if there was no receive, DSTSER then checks 
for the Transmit Done flag. If more transmits can be made, the next data byte is loaded 
into the transmit buffer. If the data is exhausted, a carriage return is sent, and the routine 
is set to transmit the first data byte again. 


This module is executed every time a Software Timer Interrupt expires. The routine 
includes the Portl Producer and Consumer, the AID producer, and the Interrupt Burst 
control and verification code. 


EREGI 
OIDOh If an unexpected value is found on Port I 
EREG2 
expected value in high byte, actual value in low byte 
EREGI 
02DOh AID Done interrupt did not occur within BURST window 
EREG2 .- Time between AID done and Software Timer 0 
EREGI .- 03DOH REAL TIME update did not occur within BURST window 
EREG2 
Time between REAL TIME update and Software Timer 0 
EREGI 
04DOH HSO.O response did not occur within BURST window 
EREG2 .- Time between HSO.O interrupt and Software Timer 0 
EREGI 
05DOH HSI(.O) response did not occur within BURST window 
EREG2 
Time between HSI(.O) service and Software Timer 0 
EREGI - OIDIH Invalid T2CLK value reached 
EREG2 
T2CLK found 
EREGI 
02DIH Test reached an illegal Software Timer 0 state 
EREG2 
the illegal case jump that was made 


This module is called every time a Software Timer expires and causes and interrupt. 
Software timers are used by the AID Done - 
AID Trigger Sequence, the Interrupt Burst 
Sequence, and the Portl Producer and Portl Consumer. 


When Software Timer 0 expires, a case jump is done on the BURST_STATE 
variable 
to sequence the AID and interrupt BURST process to the appropriate state. Depending 
upon the value of T2CLK and the state of the AID converter, either an AID conversion 
is initiated or HSO.O is set to go low to begin the interrupt BURST events. 


When Software Timer! expires, a new value is written to Portl from a table constructed 
to test all combinations of input/output states on the quasi-bidirectional port pins. The 
HSO CAM is also loaded with a command to cause Software Timer! to overflow again 
in 5000h TIMERI counts. 


When Software Timer 2 expires, Portl is read and compared to a table of expected entries. 
If the value is correct, then an HSO command is loaded into the CAM to cause another 
Software Timer 2 expiration in lOOOhTIMERI counts. If the value is not correct, the 
next entry in the Table is checked. If there is still no match, an error is reported. If there 
is a match, the CAM loading occurs and Software Timer 3 is checked for expiration. 


If Software Timer 3 has expired, then the flurry of BURST interrupts should have just 
occurred. The routine checks to see that each event happened within a reasonable time 
window. If the checks pass, then the routine exists with no further action. 


This routine executes every time there is a rising edge on HSI.O and updates the real 
time clock value. 


This module is the HSI.O interrupt service routine. On each rising edge of HSI.O, the 
value in the REAL TIME clock buffer is updated to reflect the passing of 1900h T2CLK 
counts. Since the PWM output is tied to T2CLK, and the average time between edges 
is 31.875 
/.I.S in a 12 MHz system, then 1900h T2CLK counts represents .204 seconds. 


Execution of this module occurs during the interrupt BURST events. No action other 
than updating the REAL TIME clock is taken in this routine. 


This module manages the pulse width outputs on HSO.2 and HSO.3, and causes the 
Manager test to execute. 


Every time an HSO command is executed that has the Interrupt bit set, this program 
executes. The routine manages the pulse widths on HSO lines two and three, and causes 
the Manager module to execute at the right time. 


When a falli~g edge hils been caused on either HSO.2 or HSO.3, DSTHSO loads a 
command into the CAM to cause a rising edge on the same line at a time that gives the 
line a low pulse width equal to a predetermined table value. Rising edges cause analogous 
responses. The tables used cause low and high pulse widths that vary from lOOOhand 
OCOOOh.The length of the tables differ by one so that all combinations of low and high 
table times occur. 


When a falling edge was caused on HSO.l, the routine loads a command into the CAM 
to cause a rising edge on the same line two TIMERI counts later. Since HSO.I is tied 
to the EXTINT pin, rising edges cause the Manager Routine to execute. 


This module does the verification of events on the HSI lines and initiates some interrupt 
BURST events when appropriate. 
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EREGI 
0361h if a high pulse on HSI.3 had an unexpected width 
EREG2 
difference between actual and expected pulse width 


EREGI 
0461h if a low pulse on HSI.3 had an unexpected width 
EREG2 
difference between actual and expected pulse width 


EREGI 
056lh if the HSI unit indicated that an HSI.1 event occurred 
EREG2 .- the time recorded in the FIFO 


This module executes every time an event is loaded into the HSI Holding Register. 
Verification of pulse widths on HSI.2 and HSI.3 is done from tables of expected values. 
Any deviation is reported as an error. 


If the test detects a negative transition on HSI.O, then commands are loaded into the 
HSO CAM to start an AID at T2CLK = 18ffh and to set HSO.O high at T2CLK = 
1900h. This results in an HSO, HSI, HSI.O and AID Done interrupt requests to occur at 
approximately the same time - 
approaching a full demand on interrupt service. 


When a rising edge on HSI.O is detected, an HSO command is loaded into the CAM to 
cause a Software Timer 3 interrupt when T2CLK = l00h. The Software Timer 3 interrupt 
service will check to see that all burst events happened fast enough. 


HSI.l events are disabled from the FIFO. Any event detected on this line is reported as 
an error. 


This module executes every time an AID conversion is complete. The conversion result 
is checked for correctness, the AID converter is setup to convert on the next channel 
when initiated by an HSO command, and an HSO command to cause a Software Timer 
o expiration is loaded. 


EREGI 
EREG2 
OlCOh on a conversion error 
channel on which error occurred 


This module executes every time an AID conversion is complete. The conversion result 
is checked against a test table for correctness, and the AID converter is setup to convert 
on the next channel when initiated by an HSO command. An HSO command to cause a 
Software Timer 0 expiration in 0002h TIMERl counts is loaded just prior to exiting the 
module. 


While T2CLK has a value between lOOhand 6OOh,AID conversions are initiated by the 
Software Timer 0 Interrupt service routine. When T2CLK goes above 6OOh, an AID 
conversion is initiated by the HSO.O interrupt service routine. 


Given the possibility of additive error in 5% resistors, the conversion is tested to only 
six bits of accuracy. 


This module toggles a port pin tied to an LED, manages the PWM output, performs some 
simple tests, and is expandable to allow inclusion of user written tests. 


EREGI 
EREG2 


o190h if TICLK had an overflow indication 
T2CLK a the time the error was found 


This module executes every time TIMERl or T2CLK overflow. Only TIMERl overflows 
are valid however, so T2CLK overflows are flagged as an error. Each overflow, a new 
period is loaded into the PWMCONTROL register from a table of pulse periods. If an 
LED is connected, it will appear to slowly change in intensity. Port2.? is also toggled 
in this routine to light another LED. 


This interrupt routine can be expanded with special tests that are to execute on a periodic 
basis. Any of the spare bits in the Test Status Words can also be used by specialized 
tests. They will be checked by the External Interrupt service routine with a simple change 
in a bit mask. 


SPSTATUS 
or 
SPWAIT 
or 
BR_ON_ERROR 
or 
RESET _WATCHDOG 


The SPSTATUS Macro is used to ORB the Serial Port Status Register to a temp register. 
The Macro needs to be used to work around a bug in the 809x-90. 


The SPWAIT Macro is used to cause program execution to halt and wait for an RI or 
TI flag, depending upon which is specified. 


The BR_ON_ERROR 
Macro tests the high byte of EREGI and jumps to the label if 
the byte is not zero. This can be used every time a General Diagnostic completes since 
the detection of any error will cause the high byte of EREG1 to be non-zero. 


The RESET_WATCHDOG 
Macro does just what it says. The WATCHDOG TIMER 
is reset by writing the correct sequence to location OAh. 


This module is called if any error is detected in the Dynamic Stability Test. Information 
about the error is output over the serial port, and the test is restarted. 


This module is CALled on detection of any error in the Dynamic Stability Test. When 
CALled, 
the procedure: 


• 
disables interrupts, 
• 
saves any rapidly changing values (TIMERI,T2CLK,HSO_STATUS, 
... 
), 
• 
waits for a serial transmit in progress to complete, 
• 
waits for the current serial receive to complete, 
• 
empties eight entries from the HSI_FIFO, 


• 
transmits an open loop sync sequence in case a co-controller is stuck in the sync 
routine, and 
• 
waits a few hundred milliseconds to ensure that a co-controller has also detected a 
failure. 


After these steps have been taken, the DSTERR de-selects the 4800 baud line, selects 
the 300 baud line, and outputs error messages. These messages include the Error Code 
(EREGI), the Detail Code (EREG2), the address of the line in the test which found the 
error, and the REAL TIME since reset. 


Following the error messages, the procedure dumps the data contained in the registers 
and the external error buffer out over the serial port to the 300 baud device. 


Finally, a RST instruction followed by a branch to the RST instruction is executed. If 
the WATCHDOG TIMER is externally disabled, the test will stay in this loop. If the 
WATCHDOG TIMER is not disabled, the test chip will reset, and the Dynamic Stability 
Test will reinitialize. 


This is an example program that initiates the Dynamic Stability Test and then executes 
some General Diagnostics as a background task. 


DSTUSR sends parameters defined at assembly time to the DST initialization routine 
(DSTISR). When control returns to DSTUSR, the example repeatedly executes ALUOI, 
ALU02, ALU04, ALU05 and MEMOA. It takes two minutes (with the given memory 
parameters) for the DSTUSR background task to cycle once while interrupts are running. 


When creating a custom background task, using this example program as a template will 
speed development. 


APPENDIX A • 
DIAG96.L1B Error Messages by EREG1 Code 


APPENDIX B • 
DIAG96.L1B Error Messages by Module Name 


APPENDIX C • 
Description 
of DIAG96.L1B Batch 
Files 


• 
Example Program listings 
- 
D96A96 
- 
D96P96 
- 
D96FST 
- 
DSTUSR 


APPENDIX A 


DIAG96.L1B Error Messages by EREG1 Code 


0000 
No Message 
EREG2 = Offffh 
MODULE = SYS01/Common Symbols 


0002 
All Tests Passed 
EREG2 = 0000 
MODULE = SYS02lSystem 
Power-up 


0003 
All Tests Passed 
EREG2=0000 
MODULE = SYS03/Program Counter 


0011 
All Tests Passed 
EREG2 = 0000 
MODULE = ALU01/Add/Subtract 


0012 
All Tests Passed 
EREG2 = 0000 
MODULE = ALU02/MULUB 


0013 
All Tests Passed 
EREG2 = 0000 
MODULE = ALU03/Multiply/Divide 
Table 


0014 
All Tests Passed 
EREG2 = 0000 
MODULE = ALU04/Multiply/Divide 
Random 


0015 
All Tests Passed 
EREG2 = 0000 
MODULE = ALU05/Multiply/Divide 
Core 


0021 
All Tests Passed 
EREG2 = 0000 
MODULE = MEMOllComplementary 
Address (Registers) 


0022 
All Tests Passed 
EREG2 =סס oo 
MODULE = MEM02JWalking Ones/Zeros (Registers) 


0023 
All Tests Passed 
EREG2=0000 
MODULE = MEM03/Galloping Ones/Zeros (Registers) 


0024 
No bits were set in the byte tested 
EREG2 = 0000 
MODULE = MEM04/Bits Set 


0025 
All Tests Passed 
EREG2 =סס oo 
MODULE = MEM05/Checkerboard 
Pattern (Registers) 


0026 
All Tests Passed 
EREG2 = 0000 
MODULE = MEM06/Complementary 
Address 


0027 
All Tests Passed 
EREG2 = 0000 
MODULE = MEM07IWaiking Ones 


0028 
All Tests Passed 
EREG2=OOOO 
MODULE = MEM08/Galloping Ones 


0029 
All Tests Passed 
EREG2=OOOO 
MODULE = MEM09lWalking OneslZeros 


oo2A 
All Tests Passed 
EREG2=0000 
MODULE = MEMOAlGalioping OneslZeros 


002C 
All Tests Passed 
EREG2=0000 
MODULE = MEMOC/User Pattern (Registers) 


0020 
All Tests Passed 
EREG2 = 0000 
MODULE = MEMOD/User Pattern 


0030 
All Tests Passed. checksum is ready 
EREG2 = 16-bit checksum 
MODULE = D96A96/ALL Tests in ASM96 


0040 
Initialization completed satisfactorily 
EREG2 = 0000 
MODULE = DSTISRIDST Initialization 


ooEO 
All Tests Passed. checksum is over range specified 
EREG = 16-bit checksum 
MODULE=D96FST/Selected 
Tests in ASM 


ooFO 
All Tests Passed, checksum is ready 
EREG2 = 16-bit checksum 
MODULE=D96P96/ALL 
Tests in PLM96 


0102 
I/O Status Registers were unexpected 
EREG2 = 10SOin low byte. IOS1 in high byte 
MODULE = SYS02lSystem 
Power-up 


0103 
Test Code Returned Early 
EREG2 = Early Time 
MODULE = SYS03/Program Counter 


0111 
An Addition error occurred 
EREG2=offending 
argument when the error occurred 
MODULE = ALU01 /Add/Subtract 


0112 
Incorrect multiplication result was detected 
EREG2 = Multiplier/Multiplicand 
MODULE = ALU02lMULUB 


0115 
A signed operation failed 
EREG2 = offending argument on error 
MODULE = ALU03lMultiply/Divide 
Table 


0115 
A signed operation failed 
EREG2 =offending argument on error 
MODULE =ALU04/Multiply/Divide 
Random 


0115 
A signed operation failed 
EREG2 =offending argument on error 
MODULE =ALU05lMultiply/Divide 
Core 


0121 
A memory location failed 
EREG2 =address of the error 
MODULE = MEM01 /Complementary Address (Registers) 


0122 
A memory location failed 
EREG2 = address of the error 
MODULE =MEM02lWaiking OneslZeros (Registers) 


0123 
A memory location failed 
EREG2 =address of the error 
MODULE =MEM03/Galloping Ones/Zeros (Registers) 


0124 
At least one bit was set in the byte tested 
EREG2 =number of bits set 
MODULE =MEM04/Bits Set 


0125 
A memory location failed 
EREG2 = address of the error 
MODULE = MEM05/Checkerboard 
Pattern (Registers) 


0126 
A memory location failed 
EREG2 = address of error 
MODULE = MEM06/Complementary 
Address 


0127 
A memory location failed 
EREG2 =address of the error 
MODULE = MEM07IWaiking Ones 


0128 
A memory location failed 
EREG2 = address of the error 
MODULE = MEM08/Galloping Ones 


0129 
A memory location failed 
EREG2 =address of the error 
MODULE = MEM09IWaiking OneslZero 


012A 
A memory location failed 
EREG2 =address of the error 
MODULE = MEMOAlGalioping Ones/Zeros 


012B 
16-bit Checksum is ready 
EREG2 = 16·bit Checksum 
MODULE = MEMOB/Checksum 


012C 
A memory location failed 
EREG2 = address of the error 
MODULE =MEMOC/User Pattern (R~gisters) 


012D 
A memory location failed 
EREG2 =address of the error 
MODULE = MEMOO/User Pattern 


0140 
An abnormal RESET occurred 
EREG2 = TIMER1 
MODULE = DSTISR/DST Initialization 


0161 
A high pulse on HSI.2 had an unexpected width 
EREG2 = difference between actual and expected pulse width 
MODULE = DSTHSI/High Speed Inputs 


0190 
An overflow of T2CLK was indicated 
EREG2=TIMER1 
MODULE = DSTTOVlTimer 
Overflows 


01AO 
One or more DST Module did not execute on time 
EREG2 = Number of SHIFTs done 
MODULE = DSTEXI/External Interrupt (Supervisor) 


01BO 
An unexpected serial character was received 
EREG2 = Bad character received 
MODULE = DSTSERISerial Port 


01CO 
An unexpected AID conversion result was found 
EREG2 = Channel number of unexpected result 
MODULE = DSTA2D/AID Conversion Complete 


01DO 
Found unexpected value on PORT1 
EREG2 = expected value in high byte, actual in low byte 
MODULE = DSTSWT/Software Timers 


01D1 
Invalid T2CLK value reached 
EREG2 = T2CLK 
MODULE = DSTSWT/Software Timers 


0202 
TIMER1 did not change over time 
EREG2 = TIMER1 
MODULE = SYS02lSystem 
Power-up 


0203 
Test Code Returned Late 
EREG2 = Late Time 
MODULE = SYS03/Program Counter 


0211 
A Subtraction error occurred 
EREG2 = offending argument when the error occurred 
MODULE = ALU01/Add/Subtract 


0215 
An unsigned operation failed 
EREG2 = offending argument on error 
MODULE = ALU03/Muitiply/Divide 
Table 


0215 
An unsigned operation failed 
EREG2 = offending argument on error 
MODULE = ALU04/Multiply/Divide 
Random 


0215 
An unsigned operation failed 
EREG2 = offending argument on error 
MODULE = ALU05/Multiply/Divide 
Core 


0240 
T2CLK will not change 
EREG2=xxxx 
MODULE = DSTISRIDST Initialization 


0261 
A low pulse on HSI.2 had an unexpected width 
EREG2 = difference between actual and expected pulse width 
MODULE = DSTHSI/High Speed Inputs 


02BO 
A carriage return was received out of sequence 
EREG2 = number of characters since a carriage retum 
MODULE = DSTSERlSerial Port 


02DO 
AID Done did not occur within BURST window 
EREG2 = Time between AID done and Software Timer 0 
MODULE = DSTSWT/Software Timers 


02D1 
Test reached an illegal Software Timer 0 state 
EREG2 = Illegal case jump made 
MODULE = DSTSWT/Software Timers 


0302 
Zero Register was found to change 
EREG2 = Program Status Word At Failure 
MODULE = SYS02lSystem Power-up 


0303 
Counter Register contained unexpected value 
EREG2 = Erroneous Counter Value 
MODULE = SYS03/Program Counter 


0311 
A flag error occurred 
EREG2=offending 
argument when the error occurred 
MODULE = ALU01/Add/Subtract 


0315 
A flag error occurred 
EREG2 = offending argument on error 
MODULE = ALU03/Muitiply/Divide 
Table 


0315 
A flag error occurred 
EREG2 = offending argument on error 
MODULE = ALU04/Muitiply/Divide 
Random 


0315 
A flag error occurred 
EREG2 = offending argument on error 
MODULE = ALU05/Muitiply/Divide 
Core 


0340 
T2RST pin would not RESET T2CLK 
EREG2=xxxx 
MODULE = DSTISRIDST Initialization 


0361 
A high pulse on HSI.3 had an unexpected width 
EREG2=difference 
between actual and expected pulse width 
MODULE = DSTHSI/High Speed Inputs 


03DO 
REAL TIME update did not occur within BURST window 
EREG2 = Time between REAL TIME update and Software Timer 0 
MODULE = DSTSWT/Software Timers 


0402 
PUSHF or POPF failed 
EREG2 = Erroneous PUSHed or POPed value found 
MODULE = SYS02/System Power-up 


0440 
IOCO.1would not RESET T2CLK 
EREG2=xxxx 
MODULE = DSTISR/DST Initialization 


0461 
A low pulse on HSI.3 had an unexpected width 
EREG2 = difference between actual and expected pulse width 
MODULE = DSTHSI/High Speed Inputs 


04DO 
HSO.O response did not occur within BURST window 
EREG2 = Time between HSO.O update and Software Timer 0 
MODULE = DSTSWT/Software Timers 


0502 
Sticky Bit would not set 
EREG2=3fffh 
MODULE = SYS02/System Power-up 


0502 
Sticky Bit would not clear 
EREG2 = 0000 
MODULE = SYS02/System Power-up 


0561 
HSI unit indicated an HSI.1 event occurred 
EREG2 = Time recorded in HSI FIFO 
MODULE = DSTHSI/High Speed Inputs 


0500 
HSI(.O) response did not occur within BURST window 
EREG2 = Time between HSI(.O) service and Software Timer 0 
MODULE = DSTSWT/Software Timers 


0602 
Carry Flag Test Failed 
EREG2=xxxx 
MODULE = SYS02/System Power-up 


0702 
Overflow flags would not set correctly 
EREG2 = 0002h 
MODULE = SYS02/System Power-up 


0702 
Overflow flags would not clear correctly 
EREG2=xxxx 
MODULE = SYS02/System Power-up 


0802 
Interrupt Pending Register failed read/write test 
EREG2 = offending Interrupt Pending by1e 
MODULE = SYS02/System Power-up 


xx91 
(user defined) 
EREG2 = (user defined) 
MODULE = DSTTOVlTimer 
Overflows 


APPENDIX B 


DIAG96.LlB Error Messages by Module Name 


Add/Subtract 
0011 All Tests Passed 
EREG2 = 0000 


0111 An Addition error occurred 
EREG2 = offending argument when the error occurred 


0211 A Subtraction error occurred 
EREG2 = offending argument when the error occurred 


0311 A flag error occurred 
EREG2 = offending argument when the error occurred 


MULUB 
0012 All Tests Passed 
EREG2 = 0000 


0112 Incorrect multiplication result was detected 
EREG2 = Multiplier/Multiplicand 


Multiply/Divide Table 
0013 All Tests Passed 
EREG2 = 0000 


0115 A signed operation failed 
EREG2 = offending argument on error 


0215 An unsigned operation failed 
EREG2 = offending argument on error 


0315 A flag error occurred 
EREG2 = offending argument on error 


Multiply/Divide Random 
0014 All Tests Passed 
EREG2 = 0000 


0115 A signed operation failed 
EREG2 = offending argument on error 


0215 An unsigned operation failed 
EREG2 = offending argument on error 


0315 A flag error occurred 
EREG2 = offending argument on error 


Multiply/Divide Core 
0015 All Tests Passed 
EREG2 = 0000 


0115 A signed operation failed 
EREG2 = offending argument on error 


0215 An unsigned operation failed 
EREG2 = offending argument on error 


0315 A flag error occurred 
EREG2 = offending argument on error 


All Tests in ASM96 
0030 All Tests Passed. checksum is ready 
EREG2 = 16·bit checksum 


Selected Tests in ASM 
OOEOAll Tests Passed. checksum is over range specified 
EREG2 = 16-bit checksum 


ALL Tests in PLM96 
OOFOAll Tests Passed, checksum is ready 
EREG2 = 16-bit checksum 


AID Conversion Compiete 
01CO An unexpected AID conversion result was found 
EREG2 = Channel number of unexpected result 


Extemal Interrupt (Supervisor) 
01AO One or more DST Module did not execute on time 
EREG2 = Number of SHIFTs done 


High Speed Inputs 
0161 A high pulse on HSI.2 had an unexpected width 
EREG2 = difference between actual and expected pulse width 


0261 A low pulse on HSI.2 had an unexpected width 
EREG2 = difference between actual and expected pulse width 


0361 A high pulse on HSI.3 had an unexpected width 
EREG2 = difference between actual and expected pulse width 


0461 A low pulse on HSI.3 had an unexpected width 
EREG2 = difference between actual and expected pulse width 


0561 HSI unit indicated an HSI.1 event occurred 
EREG2 = Time recorded in HSI FIFO 


DST Initialization 
0040 Initialization completed satisfactorily 
EREG2 = 0000 


0140 An abnormal RESET occurred 
EREG2 = TIMER1 


0240 T2CLK will not change 
EREG2 = xxxx 


0340 T2RST pin would not RESET T2CLK 
EREG2 = xxxx 


0440 IOCO.1 would not RESET T2CLK 
EREG2 = xxxx 


Serial Port 
01BO An unexpected serial character was received 
EREG2 = Bad character received 


02BO A carriage return was received out of sequence 
EREG2 = number of characters since a carriage return 


OSTSWT 
Software Timers 
0100 Found unexpected value on PORT1 
EREG2 = expected value in high byte, actual in low byte 


0101 Invalid T2CLK value reached 
EREG2 = T2CLK 


0200 NO Oone did not occur within BURST window 
EREG2 = Time between NO done and Software Timer 0 


0201 Test reached an illegal Software Timer 0 state 
EREG2 = Illegal case jump made 


0300 REAL TIME update did not occur within BURST window 
EREG2 = Time between REAL TIME update and Software Timer 0 


0400 HSO.O response did not occur within BURST window 
EREG2 = Time between HSO.O update and Software Timer 0 


0500 HSI(.O) response did not occur within BURST window 
EREG2 = Time between HSI(.O) service and Software Timer 0 


Timer Overflows 
0190 An overflow of T2CLK was indicated 
EREG2 = TIMER1 


xx91 (user defined) 


EREG2 = (user defined) 


Complementary Address (Registers) 
0021 All Tests Passed 
EREG2 = 0000 


0121 A memory location failed 
EREG2 = address of the error 


Walking Ones/Zeros (Registers) 
0022 All Tests Passed 
EREG2 = 0000 


0122 A memory location failed 
EREG2 = address of the error 


Galloping Ones/Zeros (Registers) 
0023 All Tests Passed 
EREG2 = 0000 


0123 A memory location failed 
EREG2 = address of the error 


Bits Set 
0024 No bits were set in the byte tested 
EREG2 = 0000 


0124 At least one bit was set in the byte tested 
EREG2 = number of bits set 


Checkerboard Pattern (Registers) 
0025 All Tests Passed 
EREG2 = 0000 


0125 A memory location failed 
EREG2 = address of the error 


Complementary Address 
0026 All Tests Passed 
EREG2 = 0000 


0126 A memory location failed 
EREG2 = address of error 


Walking Ones 
0027 All Tests Passed 
EREG2 =ססoo 


0127 A memory location failed 
EREG2 = address of the error 


Galloping Ones 
0028 All Tests Passed 
EREG2 =ססoo 


0128 A memory location failed 
EREG2 = address of the error 


Walking Ones/Zeros 
0029 All Tests Passed 
EREG2 = 0000 


0129 A memory location failed 
EREG2 = address of the error 


Galloping Ones/Zeros 
002A All Tests Passed 
EREG2 = 0000 


012A A memory location failed 
EREG2 = address of the error 


Checksum 
0128 16-bit Checksum is ready 
EREG2 = 16-bit Checksum 


User Pattern (Registers) 
002C All Tests Passed 
EREG2 = 0000 


012C A memory location failed 
EREG2 = address of the error 


User Pattern 
002D All Tests Passed 
EREG2 = 0000 


012D A memory location failed 
EREG2 = address of the error 


Common Symbols 
0000 No Message 
EREG2 = Offffh 


System Power-up 
0002 All Tests Passed 
EREG2 = OOOOh 


0102 110Status Registers were unexpected 
EREG2 = 10SO in low byte, IOS1 in high byte, 


0202 TIMER1 did not change over time 
EREG2 = TIMER1 


0302 Zero Register was found to change 
EREG2 = Program Status Word At Failure 


0402 PUSHF or POPF failed 
EREG2 = Erroneous PUSHed or POPed value found 


0502 Sticky Bit would not set 
EREG2 = 3fffh 


0502 Sticky Bit would not clear 
EREG2 = 0000 


0602 Carry Flag Test Failed 
EREG2 = xxxx 


0702 Overflow flags would not set correctly 
EREG2 = 0002h 


0702 Overflow flags would not clear correctly 
EREG2 = xxxx 


0802 Interrupt Pending Register failed read/write test 
EREG2 = offending Interrupt Pending byte 


Program Counter 
0003 All Tests Passed 
EREG2 = 0000 


0103 Test Code Returned Early 
EREG2 = Early Time 


0203 Test Code Returned Late 
EREG2 = Late Time 


0303 Counter Register contained unexpected value 
EREG2 = Erroneous Counter Value 


APPENDIX C 
DESCRIPTION OF DIAG96.LlB BATCH FILES 


The batch files that come with the library will help speed the process of either linking 
to the library as is, or revising library programs to suit custom purposes. 


Some batch files require a parameter that provides the extensionless name of a user 
definable variable file to be included in the action of the batch file. 


All DIAG96.LIB batch files assume that both the source and destination files reside in 
the same directory. Given the size of the library, and the fact that all of the files will 
not fit on one floppy disk, the command files will need to be edited if the user's system 
is not equipped with a hard disk. 


INSTAL. BAT - 
Used to install the library on a hard disk system. To install the library, 
create a directory called \ DIAG96 under the main directory, insert disk I into drive 
a: and type: 


DST360K .BAT & DST12MEG.BAT-CAUTION: 
THEE BATCH FILES WILL 
FORMAT AND DESTROY ALL INFORMATION 
ON THE FLOPPIES USED. 


These command files were created to make the DIAG96.LIB disk set. DST360K was 
created for use with 360K floppy disks and requires three diskettes. DSTI2MEG 
was 
created for use with 1.2M disks and only needs two diskettes. The batch files will prompt 
you to change disks. MAKE SURE TO ENTER THE CORRECT 
DISK DRIVE 


WHEN INVOKING THESE BATCH FILES. ALSO MAKE SURE TO INCLUDE 
THE DRIVE ID IN THE COMMAND 
LINE. 
THESE 
BATCH FILES FIRST 
FORMAT THE DISK, AND WE ALL KNOW WHAT WHEN DOS DEFAULTS 
TO THE HARD DISK!!!!!!!!!! 
For example: 


SCRUB. BAT - 
CAUTION: THIS FILE DELETES FILES USING WILDCARDS. 
All Diagnostic Library related files are delected for the \ DIAG96 directory. SYS?? 
and MEM?? wildcards are used, so be forewarned. This batch file does not delete itself!!!! 
To invoke this batch file, type: 


D96ASM.BAT 
- 
Assembles all General Diagnostic modules including the PLM 
compilation of D96P96.P96. To invoke the batch file, get in the \ DIAG96 directory 
and type: 


DSTASM. BAT - 
Assembles all Dynamic Stability Test modules. To invoke the batch 


file, get in \ DIAG96 directory and type: 


DSTASM 


D96LP •BAT - 
Copies all General Diagnostic list files to a printer. Invocation must 


include a device where the printer resides. For example: 


D96LP lptl 


DSTLP .BAT - 
Copies all Dynamic Stability Test modules to a printer. Invocation 


must include a device where the printer resides. For example: 


DSTLP.BAT lptl 


LPONLY .BAT - 
Executes D96LP.BAT and DSTLP.BAT. Invocation must include 


a device where the printer resides. For example: 


LPONLY lptl 


D96LIB. BAT - 
Deletes the current DIAG96.LIB collection. Also creates a new library 
of the same name using the files resident in the \ DIAG96 directory bearing the General 
Diagnostics 
names. The DST96.LIB 
is not altered, 
and is included 
in the new 
DIAG96.LIB. To invoke the batch file, get in the \ DIAG96 directory and type: 


D96LIB 


DSTLIB.BAT - 
Deletes the current DST96.LIB collection. Also creates a new library 
of the same name using the files resident in the 
\ DIAG96 directory bearing the 
Dynamic Stability 
Test names. Since DST96.LIB 
is included 
in DIAG96.LIB, 


DIAG96.LIB is recreated by an invocation of D96LIB.BAT. To invoke this batch file, 
get in the \ DIAG96 directory and type: 


DSTLIB 


DSTRL.BAT - 
This batch file is of most interest to Dynamic Stability Test users. It 
links a specified main task to the library. This file makes assumptions about the hardware 
memory implementation that may not be correct. Therefore minor changes may need 
to be made to the DSTRL.BAT RL96 invocation statement. A file name without exten- 
sion must be provided and that file must reside in the \ DIAG96 directory. The batch 
file assumes that the extension of the object file to be linked to the library is .OBJ. For 
example: 


BLASTP. BAT - 
This batch file assembles the specified input file, then executes 
D96ASM.BAT, DSTASM.BAT, 
LPONLY.BAT, 
DSTLI B.BAT, and DSTRL.BAT. 
Then, the listfile output of the user's assembly and the print file of the linkage are 
copied to the printer specified. The batch file assumes that the input file is in the 
\ DIAG96 directory and has a .A96 extension. For example: 


BLASTP Example_ lptl 


BLASTN. BAT - 
This batch file executes all assemblies, compliations, and linkages 
executed in BLASTP.BAT, but no copies are sent to the printer. The batch file assumes 
that the input file is in the \ DIAG96 directory and has a .A96 extension. For example: 


BLASTN Example_task 


REGEN. BAT - 
Used to regenerate the library when only one module has changed. 


Specify the module that has changed when invoking this batch file. For example: 


MAKPLM. BAT - 
Used to make an impostor PLM96.LIB. The library created in not 
a real PLM96.LIB, and will not work with PLM programs. However, it is what is needed 
to use DIAG96.LIB. To invoke this batch file, get in the \ DIAG96 director and type: 


MAKPLM 


MAKBH. BAT - 
Used to modify the library to run in an 8X9XBH. The 8X9XBH 
fails a flag test because of the -90 
bug relating to the Z flag on add and subtract with 
carry is inadvertantly verified by a library test. To invoke this batch file, get in the 
\ DIAG96 directory and type: 


D96RL. BAT - 
A generalized command that links target modules to DIAG96.LIB. It 
is intended for used when only the General Diagnostics are being used. Provide the 
target object file name and the directory in which it resides. For example: 


SOURCE 
FILE: 
:F5:D96A96.A96 
OBJECT 
FILE: 
:F5:D96A96.0BJ 
CONTROLS 
SPECIFIED 
IN 
INVOCATION 
COMMAND: 
NOGEN 
DEBUG 


LINE 
1 
2 
3 
4 
5 
6 
7 
8 
9 


Ie 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
3e 
31 
32 
33 
34 
35 
36 
37 
38 
39 
4e 
41 
42 
43 
44 
45 
4b 
41 
=1 
48 
=1 
49 
=1 
se 


;••••••••••••••• 
** •••••••••• 
***.*** •• *** •• ***.** •• ***.********* 
•• **** •• ** 


ALL 
TESTS 
ASM96 
MODULE 
STACKSIZE(20) 


;* •••• 
****.*******.****** 
••••••• 
***.*****.******* 
••** ••• *** •••• *** •• 
0030 


in 
order 
to 
run 
this 
module. 
the 
STACK 
must 
be 
ALL 
external. 
and 
the 
data 
ram 
partitioned 
for 
memory 
test 
must 
not 
include 
ANY 
of 
the 
STACK 


PUSH 
PUSH 
PUSH 
PUSH 
PUSH 
PUSH 
PUSH 
PUSH 
PUSH 
PUSH 
CALL 


t<RAM 
seqrnentl 
start 
address> 
'<RAM 
segmentl 
ending 
address> 
t<RAM 
segment2 
start 
address> 
t<RAM 
seqrnent2 
ending 
address> 
t<random 
seed> 
'<number 
of 
cycles 
desired 
for 
random 
test> 
'<address 
of 
the 
last 
byte 
of 
rom> 
t<an 
araument 
for 
mul/div 
tests> 
t<a 
second 
argument 
for 
mul/div 
tests> 
t<a 
bit 
pattern 
for 
memory 
tests> 
D96A96 


Remember. 
this 
test 
will 
take 
a 
long 
time 
if 
large 
memory 
regions 
are 
partitioned. 
or 
if 
a 
large 
number 
of 
cycles 
of 
random 
test 
numbers 
is 
requested. 
For 
example. 
with 
8Kbytes 
of 
Ram 
in 
each 
reaion 
the 
test 
executes 
in 
3 hours. 


It 
is 
suggested 
that 
for 
large 
memory 
tests. 
that 
the 
complimentary 
address 
test 
be 
done 
on 
the 
whole 
region 
at 
once. 
Then. 
the 
more 
: exhaustive 
tests 
done 
on 
each 
memory-chip 
in 
the 
system. 
;*******.********* 
•• ********* 
•• ************ 
•• *************.*.* 
•• *** ••• *. 


cseg 
at 
3000h 
extrn 
sys01.sys02.sys03.alu01.alu02.alu03.alu04.alu05 
extrn 
memel.mem02.mem03.mem04.mem05.mem06.mem07.mem08 


extrn 
mem09.mem0a.mem0b.mem0c.mem0d 


PUBLIC 
D96A96 
$eject 


$inc!ude 
(:f3:dstmac.incl 
:provides 
the 
macro 
BR 
ON 
Error 
.•••• *.******** 
•••• ********************** 
••• ** •••• **** ••••• 
********** 
••••• 


;OST 
Macros 
INCI~UDE 
FILE 
;*********************** 
•• ******.******* 
•••• * 


;***T*.*.*** 
••• *** ••• *** ••• ********************* 
••••••• * •••• 
* •••• 
********* 


ERR LOC 
OBJECT 
LINE 
SOURCE STATEMENT 
104 
105 
0000 
106 
D96A96: 
un 
0000 EF0000 
E 
108 
CALL sys02 
:CALL the System 
Power Up Test 
109 
110 
BR ON ERR 
Error Found 


114 


000A EF0000 
E 
115 
CALL alu01 
:CALL the Add/Subtract 
test 
116 
117 
BR ON ERR 
Error Found 
121 


0014 EF0000 
E 
122 
CALL alu02 
:CALL the MULUB test 
123 
124 
BR ON ERR 
Error Found 
128 
00lE EF0000 
E 
129 
CALL alu03 
:CALL the MUltiply/Divide 
Table 


130 
:driven test 
131 
BR ON ERR 
Error-Found 
135 
~ 
0028 CB000C 
E 
136 
PUSH 
0ch[sp] 
:PUSH a random seed 
002B CB000C 
E 
137 
PUSH 
0ch[sp] 
:PUSH the number of tests desired 
Q 
002E EF0000 
E 
138 
CALL alu04 
:CALL the Multiply/Divide 
Random test 
~ 
139 
~ 
0- 
140 
BR-ON ERR 
Error Found 
0 
144 
j;' 
-..j 
0038 CB0006 
E 
145 
PUSH 
06h[sp] 
:PUSH an argument 
IIQ 
I 
003B CB0006 
E 
146 
PUSH 
06h[sp] 
:PUSH another argument 
= 
0) 
0 
0) 
003E EF0000 
E 
147 
CALL alu05 
:CALL the MUltiply/Divide 
Core Test 
~ 
148 
n'.. 
149 
BR ON ERR 
Error Found 
t: 
153 
r:r 
0048 EF0000 
E 
154 
CALL mem01 
:CALL a Complementary 
Address 
test 
..••.. 
155 
Ion the internal reaisters 
..., 
156 
BR ON ERR 
Error Found 
160 
0052 EF0000 
E 
161 
CALL mem02 
:CALL a Walking 
ls/0s test on 
162 
:the internal registers 
163 
BR ON ERR 
Error Found 
167 
005C EF"'000 
E 
168 
CALL mem03 
:CALL a Galloping 
ls/0s test on 
169 
:the internal 
registers 
170 
BR ON ERR 
Error Found 
174 


0066 C800 
E 
175 
PUSH 
zero 
:PUSH a zero 
0"'68EF0000 
E 
176 
CALL mem04 
:CALL the Bits Set Test 


177 
178 
BR ON ERR 
Error Found 
182 
0072 EF0IH'''' 
E 
183 
CALL mem05 
:CALL a Checkerboard 
Pattern 
test 
184 
:for internal registers 
185 
BR ON ERR 
Error Found 
189 
007C CB0014 
F: 
190 
PUSH 
14h[sp] 
PUSH the start address 
007F CB0014 
E 
191 
PUSH 
14h[sp] 
and the end address 
of a RAM area 
0082 EF0000 
E 
192 
CALL mem06 
and CALL a Complementary 
Address 
test 
193 


ERR 
WC 
OBJECT 
LINE 
SOURCE 
STATEMENT 
194 
BR 
ON 
ERR 
Error 
Found 
198 
0118C CB0010 
E 
199 
PUSH 
Illh[sp] 
;PUSH 
a 
second 
start 
and 
end 
address 
1108F CBlil0111 
E 
2110 
PUSH 
10h[sp] 
and 
repeat 
the 
0092 
EF0000 
E 
201 
CALL 
mem06 
;Complementary 
Address 
test 
2lil2 
203 
BR 
ON 
ERR 
Error 
Found 
207 


1109C C80014 
E 
208 
PUSH 
l4h[sp] 
PUSH 
a 
start 
address 
009F 
CBIIl0l4 
E 
209 
PUSH 
14h[sp] 
PUSH 
an 
ending 
address 


"0A2 
EF1Il0011 
E 
210 
CALL 
mem07 
CALL 
a Iialking 
Ones 
test 
211 
212 
BR 
ON 
ERR 
Error 
Found 
216 


00AC 
CB0010 
E 
217 
PUSH 
10h[sp] 
PUSH 
the 
start 
and 
end 
address 
00M' 
CB0010 
E 
218 
PUSH 
10h[sp] 
for 
anotner 
section 
of 
RAM 
00B2 
EFII000 
E 
219 
CALL 
mem07 
and 
repeat 
the 
Walking 
Ones 
test 
220 
221 
BR 
ON 
ERR 
Error 
Found 
225 
:: 
0"BC 
CB0014 
E 
226 
PUSH 
14h[sp] 
PUSH 
a 
start 
address 
~ 
00BF 
CBIl014 
E 
227 
PUSH 
14h[sp] 
PUSH 
an 
ending 
address 
III 
00C2 
EF0000 
E 
228 
CALL 
mem08 
CALL 
a Gallopinq 
Ones 
test 
r> 
IC 
229 
'" 
23\:1 
BR 
ON 
ERR 
Error-Found 
\2 
234 
•• 
--.j 
235 
(JQ= 
I 
011CC CBlil010 
E 
236 
PUSH 
10h[sp] 
PUSH 
a 
second 
start 
and 
end 
address 
~ 
a>--.j 
II11CFCB0010 
E 
237 
PUSH 
10h[sp] 
for 
another 
reqion 
of 
RAM 
and 
n' 
0002 
EF0000 
E 
238 
CALL 
mem08 
CALL 
the 
Galloping 
Ones 
test 
again 
'" 
239 
~ 
240 
BR 
ON 
ERR 
Error 
Found 
<:r.. 
244 
- - 
- 
••.. 
0MOC 
CB00l4 
E 
245 
PUSH 
14h[sp] 
PUSH 
the 
start 
and 
end 
address 
of 
'< 
000F 
CBillil14 
E 
246 
PUSH 
14h[sp] 
a 
region 
of 
RAM 
00E2 
EF0000 
E 
247 
CALL 
mem09 
CALL 
the 
Iialking 
IS/0s 
test 
248 
249 
BR 
ON 
ERR 
Error 
Found 
253 
254 
lil\:lEC 
CB0lil10 
E 
255 
PUSH 
10h[sp] 
PUSH 
the 
start 
and 
end 
address 
of 
110EF CB01l10 
E 
256 
PUSH 
10h[sp] 
another 
region 
of 
RAM 
011F2 EF0000 
E 
257 
CALL 
mem09 
CALL 
the 
Walking 
IS/0s 
test 
again 
258 
259 
BR-ON 
ERR 
Error 
Found 
263 
110FC CB0014 
E 
264 
PUSH 
14h[sp] 
PUSH 
the 
start 
and 
end 
address 
of 


00FF 
CB0014 
E 
265 
PUSH 
14h[sp] 
a 
reqion 
of 
RAM 
0102 
EF0000 
E 
266 
CALL 
memlila 
CALL 
a Gallopinq 
IS/0s 
test 
267 
268 
BR 
ON 
ERR 
Error 
Found 
272 
273 
Ill0C CBIIl010 
E 
274 
PUSH 
Illh[sp] 
PUSH 
the 
start 
and 
end 
address 
of 
010F 
CB0010 
E 
275 
PUSH 
10h[sp] 
another 
rea ion 
of 
RAM 
0112 
EF0000 
E 
276 
CALL 
memlla 
CALL 
the 
Gallopinq 
IS/0s 
test 
aqain 


lH25 
CB0014 
0128 
CB0014 
"'12B CB01'l"'6 
012E 
EF0001'l 


0136 
CB0011'l 
0139 
CB0010 
"'13C CBI'l006 
\l13F EF0000 


"'147 CB0014 
1'l14ACB01'l14 
"'140 EFI'lI'l"'0 


0155 
CBI'll'lll'l 


1'l158CB"'1'l10 
015B 
EFI'lI'l"'0 


1'l163C981'l20 
0166 
CB000A 
0169 
EFI'l01'l0 


0170 
CFI'l014 


0173 
65120001'l 
0177 
F'" 


ro178 CFI'll'l14 
017B 
6512001'l'" 


1'l17FFI'l 


LINE 
278 
282 
283 
284 
285 
286 
287 
291 
292 
293 
294 
295 
296 
297 
31'l1 
31'l2 
303 
304 
31'l5 
31'l6 
31'l7 
311 
312 
313 
314 
315 
316 
321'l 
321 
322 
323 
324 
325 
329 
331'l 
331 
332 
333 
334 
335 
336 
337 
338 
339 
341'l 
341 
342 
343 
344 
345 
346 
347 


PUSH 
PUSH 
PUSH 


CALL 
meml'ld 


PUSH 
PUSH 
PUSH 
CALL 
meml'ld 


PUSH 
PUSH 
CALL 
sysl'l3 


PUSH 
PUSH 
CALL 
sysl'l3 


PUSH 
PUSH 
CALL 
meml'lb 


POP 
14h[sp) 


ADD 
sp.U2h 
RET 


PUSH 
a bit 
pattern 
to 
use 
and 
CALL 
the 
Checkerboard 
Pattern 
~est 
for 
internal 
re~isters 


14h[sp) 
14h[sp) 
1'l6h[sp] 


;PUSH 
the 
start 
and 
end 
address 


of 
a region 
of 
RAM. 
then 


;PUSH 
a bit 
pattern 
to 
use. 
then 
;CALL 
the 
Checkerboard 
Pattern 
test 
; for 
external 
memory 


10h[sp) 
1l'lh[sp) 
1'l6h[sp) 


;PUSH 
the 
start 
and 
end 
address 
of 
another 
region 
of 
RAM. 
then 
;PUSH 
a bit 
pattern 
to use, 
then 
;CALL 
the 
Checkerboard 
Pattern 
test 
; for 
external 
memory 


14h[sp) 
14h[sp) 
;PUSH 
a startin~ 
address. 
and 
;PUSH 
an 
ending 
address 
for 
; the 
Program 
Counter 
Module 


ll'lh[sp) 
1l'lh[sp) 
;PUSH 
the 
start 
and 
end 
addresses 
;for 
a second 
test 
re~ion 
for 


; for 
the 
Program 
Counter 
Module 


t21'l81'lh 
I'lah[sp) 
;PUSH 
the 
code 
starting 
address 


;PUSH 
the 
endinq 
code 
address 
;CALL 
the 
Checksum 
routine 


;ALL 
DIAG96 
TESTS 
PASSED 
; load 
the 
appropriate 
error 
code 


POP 
14h[sp) 
clean 
off 
the 
stack 
ADD 
sp, U2h 
RET 
return 
to 
the 
calling 
proqram 
:••• ** ••••• 
** ••••• 
** •••••••••••••••••••• 
** ••• ** •••••••••••• 
**** •••• *** •••• 
end 


SYMBOL TABLE LISTING 
-------------------- 


N A M E 
VALUE 
ATTRIBUTES 


ALL.TESTS ASM96 
: 
----- 
MODULE STACKSIZE(20) 
ALU01 
- 
----- 
CODE EXTERNAL 
ALU02 
----- 
CODE EXTERNAL 


ALU03 
---'-- 
-~~ 
----- 
CODE EXTERNAL 


ALU04 
----- 
CODE EXTERNAL 
ALU0S 
; 
----- 
CODE EXTERNAL 
BR ON ERR 
----- 
MACRO 
D96A96. 
0000H 
CODE REL PUBLIC ENTRY 
EREGI 
----- 
REG EXTERNAL 
EREG2 
----- 
REG EXTERNAL 
ERROR FOUND 
0178H 
CODE REL ENTRY 
:: 
MACRO-TEMP. 
0000H 
REG REL BYTE 
f2 
MEM01 
----- 
CODE EXTERNAL 
MEM02 
----- 
CODE EXTERNAL 
@.:c 
MEM03 
----- 
CODE EXTERNAL 
CI'I 
MEM04 
----- 
CODE EXTERNAL 
0 
MEM0S 
----- 
CODE EXTERNAL 
jO' 
""-l 
MEM06 
----- 
CODE EXTERNAL 
(IQ 
I 
= 
MEM07 
----- 
CODE EXTERNAL 
Q 
0> 
~ 
CD 
MEM08 
----- 
CODE EXTERNAL 
n' 
MEM09 
----- 
CODE EXTERNAL 
III 
MEM0A 
----- 
CODE EXTERNAL 
~ 
MEM0B 
----- 
CODE EXTERNAL 
<:J"..• 
MEM0C 
----- 
CODE EXTERNAL 
10..• 
MEM0D 
----- 
CODE EXTERNAL 
...• 
; 
RESET \/ATCHDOG. 
----- 
MACRO 
RI. 
0006H 
NULL ABS 
SP. 
----- 
REG EXTERNAL 
SP STAT 
. 
----- 
REG EXTERNAL 
SPSTATUS. 
----- 
MACRO 
SPWAIT. 
----- 
MACRO 
SYS01 
----- 
CODE EXTERNAL 
SYS02 
----- 
CODE EXTERNAL 
SYS03 
----- 
CODE EXTERNAL 
1'1. 
000SH 
NULL ABS 
ZERO. 
----- 
REG EXTERNAL 


ASSEMBLY COMPLETED. 
NO ERROR(S) FOUND. 


SERIES-III 
PL/M-96 Vl.0 COMPILATION 
OF MODULE ALLDIAG96TESTS 
OBJECT 
MODULE 
PLACED IN :F2:D96P96.0BJ 
COMPILER 
INVOKED BY: 
PLM96.86 
:F2:D96P96.P96 CODE DEBUG 


1 
All$Diaq96$Tests: 
DO~ 


2 
1 
SYS02: 
PROCEDURE DI/ORDEXTERNAL~ 
3 
2 
END SYS02~ 


4 
1 
SYS03: 
PROCEDURE 
(parml,parm2) DWORD EXTERNAL~ 


5 
2 
DECI,ARE 
(parml,parm2) WORD~ 


6 
2 
END SYS03~ 


7 
1 
ALU01: 
PROCEDURE DWORD EXTERNAL: 
8 
2 
END ALU01: 


9 
1 
ALU02: 
PROCEDURE DWORD EXTERNAL: 
=:: 
HI 
2 
END ALUIl2: 


ALU03: 
~ 
11 
1 
PROCEDURE DWORD EXTERNAL: 
@ 
12 
2 
END ALU03~ 
~ 
CI\ 
13 
1 
ALU04: 
PROCEDURE 
(parml,parm2) DWORD EXTERNAL: 
S1 
14 
2 
DECLARE 
(parml,parm2) WORD~ 
•• 
"-.l 
IJQ 
I 
15 
2 
END ALU04: 
=0 
"-.l 
r4 
0 
16 
1 
ALU05: 
PROCEDURE 
(parml,parm2) DWORD EXTERNAL~ 
;:;' 
'" 
17 
2 
DECLARE 
(parml,parm2) WORD~ 
t: 
18 
2 
END ALU05~ 
~..•• 
19 
1 
MEM01 : 
PROCEDURE DWORD EXTERNAL: 
.. 
...• 
20 
2 
END MEH01~ 


21 
1 
MEM02: 
PROCEDURE DWORD EXTERNAL: 
22 
2 
END MEM02: 


23 
1 
MEM03: 
PROCEDURE DWORD EXTERNAL: 
24 
2 
END MEM03: 


25 
1 
MEM04: 
PROCEDURE 
(parmI) DWORD EXTERNAL: 
26 
2 
DECLARE 
(parmI) ~/ORD~ 


27 
2 
END MEM04: 


28 
1 
MEM05: 
PROCEDURE DWORD EXTERNAL: 
29 
2 
END MEM05~ 


30 
1 
MEM06: 
PROCEDURE 
(parml,parm2) Dl/ORDEXTERNAL.: 
C 
31 
2 
DECLARE 
(parml,parm2) ~/ORD: 
CD 
32 
2 
END MEM06~ 
Q) 
"1J 
33 
1 
MEMU7: 
PROCEDURE 
(parml,parm2) DI/ORDEXTERNAL: 
CD 


34 
2 
DECLI\RE 
(parml,parm2) WORD, 
Q) 


35 
2 
END ~lEM"7~ 


36 
1 
37 
2 
38 
2 


39 
1 
40 
2 


41 
2 


42 
1 
43 
2 
44 
2 


45 
1 
46 
2 


47 
2 


48 
1 
49 
2 
50 
2 


51 
1 
52 
2 
53 
2 


54 
55 


-...l 
I-...l 
56 
...•. 


MEM08: 
PROCEDURE 
(parmLparm2) 
DlIORD EXTERNAl,; 
DECLARE 
(parml.parm2) 
WORD; 
END 
MEMl'lS; 


MEMl'l9: 
PROCEDURE 
(parrnl.parm2) 
DWORD 
EXTERNAL; 
DECLARE 
(parml,parm2) 
WORD; 


END 
MEM09; 


MEMl'lA: 
PROCEDURE 
(parml,parm2) 
DWORD 
EXTERNAL; 
DECLARE 
(parmI, parm2) 
\IORD; 
END 
MEM0A; 


MEMl'lB: 
PROCEDURE 
(parml.parm2) 
D\IORD EXTERNAL; 
DECLARE 
(parml,parm2) 
WORD; 


END 
MEMl'lB; 


MEM0C: 
PROCEDURE 
(parmI) 
DWORD 
EXTERNAL; 
DECLARE 
(parmI) 
WORD; 
END 
MEMllC; 


MEMl'lD: 
PROCEDURE 
(parml.parm2.parm3) 
DIIORD EXTERNAL; 
DECLARE 
(parml.parm2.parm3) 
WORD; 
END 
MEMl'lD; 


D96P96: 
PROCEDURE 
(raml$start.raml$stop. 


ram2$start.ram2$stop. 
random$seed.random$lenoth, 
top$of$code, 
. 


argumentl,ar~ument2. 
bit$pattern) 
DWORD 
PUBLIC; 


DECLARE 
(raml$start.raml$stop, 
ram2$start,ram2$stop. 
random$seed.random$length. 
top$of$code. 
argumentl.argument2. 
bit$pattern) 
WORD 
SLml; 


71 
2 
IF 
error$codes.number 
) 255 
THEN 
GOTO 
end$tests; 


73 
2 
result=ALU~5(arqumentl.arqument2); 
74 
2 
IF 
error$codes.number 
) 255 
THEN 
GOTO 
end$tests; 


76 
2 
result=MEM01; 
77 
2 
IF 
error$codes.number 
) 255 
THEN 
GOTO 
end$tests; 


79 
2 
result=MEM02; 
80 
2 
IF 
error$codes.number 
) 255 
THEN 
GOTO 
end$tests; 


82 
2 
result=MEM03; 


83 
2 
IF 
error$codes.number 
) 255 
THEN 
GOTO 
end$tests; 


85 
2 
result=MEM04(0); 
86 
2 
IF 
error$codes.number 
) 255 
THEN 
GOTO 
end$tests; 


88 
2 
result=MEM05; 


89 
2 
IF 
error$codes.number 
) 255 
THEN 
GOTO 
end$tests; 


91 
2 
result=MEM06(raml$start.raml$stop); 
~ 
92 
2 
IF 
error$codes.number 
) 255 
THEN 
GOTO 
end$tests; 
~ 
00 


94 
2 
result=MEM06(ram2$start.ram2$stop); 
@~ 
95 
2 
IF 
error$codes.number 
) 255 
THEN 
GOTO 
end$tests; 
~0 
97 
2 
result=MEM07(raml$start.raml$stop); 
~ 
~ 
98 
2 
IF 
error$codes.number 
) 255 
THEN 
GOTO 
end$tests; 
~ 
I 
g 
~ 
~ 
~ 
100 
2 
result=MEM07(ram2$start.ram2$stop); 
-~ 
101 
2 
IF 
error$codes.number 
) 255 
THEN 
GOTO 
end$tests; 
~ 
~ 
103 
2 
result=MEM08(raml$start.raml$stop); 
~~ 
1~4 
2 
IF 
error$codes.number 
) 255 
THEN 
GOTO 
end$tests; 
~~~ 


106 
2 
result=MEM08(ram2$start.ram2$stop); 
107 
2 
IF 
error$codes.number 
) 255 
THEN 
GOTO 
end$tests; 


109 
2 
result=MEM09(raml$start.raml$stop); 
110 
2 
IF 
error$codes.number 
) 
255 
THEN 
GOTO 
end$tests; 


112 
2 
result=MEM09(ram2$start.ram2$stop); 
113 
2 
IF 
error$codes.number 
) 
255 
THEN 
GOTO 
end$tests; 


115 
2 
result=MEM0A(raml$start.raml$stop); 


116 
2 
IF 
error$codes.number 
) 
255 
THEN 
GOTO 
end$tests; 


118 
2 
result=MEM0A(ram2$start.ram2$stop); 
119 
2 
IF 
error$codes.number 
) 
255 
THEN 
GOTO 
end$tests; 


121 
2 
result=MEM0C(bit$pattern); 


122 
2 
IF 
error$codes.number 
) 
255 
THEN 
GOTO 
end$tests; 


124 
2 
result=MEM0D(raml$start.raml$stop.bit$pattern); 
125 
2 
IF 
error$codes.number 
) 255 
THEN 
GOTO 
end$tests; 


127 
2 
result=MEM~D(ram2$start.ram2$stop.bit$pattern); 


128 
2 
IF 
error$codes.number 
> 
255 
THEN 
GOTO 
end$tests; 


130 
2 
resu1t=SYS03(ram1$start,ram1$stop); 
131 
2 
IF 
error$codes.number 
> 
255 
THEN 
GOTO 
end$tests; 
~ 
133 
2 
resu1t=SYS03(ram2$start,ram2$stop); 
("'l 
134 
2 
IF 
error$codes.number 
> 
255 
THEN 
GOTO 
end$tests; 
rI1 
@J 


resu1t=MEM0B(2080h,top$of$code); 
~ 
136 
2 
0- 
0 
-..,J 
137 
2 
error$codes.number=00f0h; 
5' 
iJQ 
I 
= 
-..,J 
138 
2 
end$tests: 
RETURN 
result; 
0 
c.:l 
~ 
;:;. 
139 
2 
END 
D96P96; 
'"t: 
140 
1 
END 
All$Dia996$Tests; 
~., 
10., 
....• 


STATEMENT 
56 
1'l!!1'1l 
D96P96: 
l!ll!!I<HJ 
C81111 
E 
PUSH 
?FRAMEl:Jl 
1'1l02 
All11l1l0 
E 
LD 
?FRAMElll.SP 
STATEMENT 
58 
111105 
EFll01'1l 
E 
CALL 
SYSll2 
"''''08 AllIE02 
R 
LD 
RESULT+2H.TMP2 
1l~"'B AllICll0 
R 
LD 
RESULT.TMPIl 
: 
STATEMENT 
59 
llllilE 89FF00111d 
R 
CMP 
ERRORCODES.#IlFFH 


01112 
D102 
BNH 
@lll'lli 
: 
STATEMENT 
60 
0014 
2226 
BR 
ENDTESTS 
: 
STATE~IENT 
61 
111116 
@1l1'1l1: 


111116 
EFlll'll1l 
E 
CALL 
ALUIlI 
1'1l19 AlllEII2 
R 
LD 
RESUI,T+2H. TMP2 
11IlIC AlllCllll 
R 
LD 
RESULT.TMP0 


: 
STATEMENT 
62 
11IlIF 
89FFll1l00 
R 
CMP 
ERRORCODES.#0FFH 
111123 
DI112 
BNH 
@1l002 


: 
STATEMENT 
63 
1Il:J25 2215 
BR 
ENDTESTS 
: 
STATt:MENT 
64 
01127 
@1l1l1l2: 
0027 
EFIl01111 
E 
CALL 
AI.U1l2 


""-l 
l!!1'2A A01Ell2 
R 
LD 
RESULT+2H.TMP2 
I 
0112D 
AI'1Cllll 
R 
LD 
RESULT.TMP0 
""-l 
: 
STATEMENT 
65 
oj::. 
01130 
89FFllllllil 
R 
CMP 
ERRORCODES.#IlFFH 
1l1'34 
Dlll2 
BNH 
@1l0113 
: 
STATEMENT 
66 
11036 
22114 
BR 
ENDTESTS 
: 
STATEMENT 
67 
0"'38 
@011113: 
11038 
EF1l1l011 
E 
CALL 
ALUll3 
003B 
AilIEll2 
R 
LD 
RESULT+2H.TMP2 
1103E 
AlllCll0 
R 
LD 
RESULT.TMPIl 
: 
STATEMENT 
68 


11041 
89FF011110 
R 
CMP 
ERRORCODES.#0FFH 
11045 
Dl112 
BNH 
@1l1l1l4 
: 
STATEMENT 
69 
0047 
21F3 
BR 
ENDTESTS 
: 
STATt:MF.NT 
70 


11049 
@1l1l1l4: 
O049 
C9EF47 
PUSH 
#47EFH 


l!!04C C90'1111 
PUSH 
#lIlIlIlH 


004F 
EF1d1l011 
E 
CALL 
ALUll4 
11052 
MllEll2 
R 
LD 
RF.SULT+2H.TMP2 
11055 
A01C00 
R 
LD 
RF.SULT.TMP0 
: 
STATEMENT 
71 
0058 
89FFllllllil 
R 
CMP 
ERRORCODF.S.#IlFFH 


005C 
Dl112 
BNII 
@01105 


: 
STATt:MF.NT 
72 


l<Hl5E 21DC 
BR 
ENDTESTS 
STATt:MENT 
73 


11060 
@0005: 
1l1l61!lCB01l1!l8 
E 
PUSH 
ARGUMENTl[?FRAME01] 
0063 
CB0006 
E 
PUSH 
ARGUMENT2[?FRAME01] 
1l1l66 EFIl1l00 
E 
CALL 
ALU05 


1l"69 
A01E02 
R 
LD 
RESULT+2H.TMP2 
006C 
A01C00 
R 
LD 
RESULT.TMP0 


; 
STM'EMENT 
74 
006F 
89FF0000 
R 
CMP 
ERRORCODES.t0FFH 
01173 
D102 
BNH 
@0006 


; 
STATEMENT 
75 


0075 
21C5 
BR 
ENDTESTS 
; 
STATEMENT 
76 
11077 
@0006: 


0077 
EF0000 
E 
CALL 
MEMl'll 
01l7A 
A01EIl2 
R 
LD 
RESULT+2H.TMP2 


007D 
A01C00 
R 
LD 
RESULT.TMP0 


STATEMENT 
77 
008'" 
89FF001l1l 
R 
CMP 
ERRORCODES.t0FFH 
01184 
D102 
BNH 
@01l07 
; 
STATEMENT 
78 
01186 
21B4 
BR 
ENOTESTS 
:: 
; 
STATEMENT 
79 
~ 
1l1l88 
@0007: 
0088 
EF0000 
E 
CALL 
MEM02 
@ 
I 
008B 
AIlIE02 
R 
LD 
RESULT+2H.TMP2 
\C~ 
"'1!l8EA01CIlil 
R 
LO 
RESULT.TMP0 
;! 
; 
STATEMENT 
80 
.....• 
10 
0091 
89FF0000 
R 
CMP 
ERRORCOOES.t0FFH 
IIQ 
I 
'" 


.....• 
0095 
0102 
BNH 
@0008 
= 
CJ1 
STATEMENT 
81 
~ 
; 
;:;" 
0097 
21A3 
BR 
ENOTESTS 
'" 
; 
STATEMENT 
82 
t: 
0099 
@1l008: 
.... 
0099 
H0000 
.. 
E 
CALL 
MEM03 
10.. 
009C 
AIlIE02 
R 
LO 
RESULT+2H.TMP2 
'< 
01l9F 
A01Cllll 
R 
LO 
RESULT.TMPII 
STATEMENT 
83 
00A2 
89FF01l00 
R 
CMP 
ERRORCOOES.t0FFH 
00A6 
0102 
BNH 
@011119 


; 
STATEMENT 
84 
110A8 
2192 
BR 
ENOTESTS 
; 
STATEMENT 
85 
1l0AA 
@0009: 
1l0M 
C81:l1:l 
PUSH 
R0 
01:lAC n"1lIlll 
0 
E 
CALL 
ME~'''4 
ll"'AF A01EIl2 
R 
LO 
RESULT+2H.TMP2 
Il"'B2 AilICIl0 
R 
LO 
RESULT.TMP0 
STATEMENT 
86 


"'0B5 
89FF01:l01:l 
R 
CMP 
ERRORCOOES.tllFFH 
IlllB9 01"'2 
BNH 
@01l0A 


; 
STATEMENT 
87 
"'IlBB 217F 
BR 
ENOTESTS 


; 
STATEMENT 
88 


01lBO 
@1l00A: 
00BO 
EFU0111l 
E 
CA1,L 
MEM05 
"'IlCIllUllEIl2 
R 
I.O 
PESULT+2H.TMP2 


il"'C3 M1ce0 
R 
LD 
RESULT.TMPIl 
~ 
STATEMENT 
89 
il0C6 
89FP01l00 
R 
CMP 
ERRORCODES.t0FFH 
00CA 
D102 
BNH 
@llil0B 
; 
STATEMENT 
90 
"'\lCC 216E 
BR 
ENDTESTS 


; 
STATEMENT 
91 
il0CE 
@00IlB: 
e"'CE 
CB0"'16 
E 
PUSH 
RAM1START[?FRAMR01] 


lI0D1 
CB0"'14 
E 
PUSH 
RAM1STOP[?FRAME01] 


il"'D4 EF"'00!<l 
E 
CALL 
MEM06 


0"'D7 
A01E"'2 
R 
LD 
RESULT+2H.TMP2 


il0DA 
A01C0il 
R 
LD 
RESULT.TMP0 
~ 
STATEMENT 
92 
1l0DD 
89FF0"'00 
R 
CMP 
ERRORCODES,t0FFH 
il"'El D102 
BNH 
@000C 


; 
STATEMENT 
93 
"'0E3 
2157 
BR 
ENOTESTS 
; 
STATEMENT 
94 
01lE5 
@000C: 
00E5 
CB0012 
E 
PUSH 
RAM2START[?FRAME01] 
s: 
",eE8 
CB0010 
E 
PUSH 
RAM2STOP[?FRAME01] 
Q 
!<l0EB EF0000 
E 
CALL 
MEM06 
@ 
0ilEE 
MHEll2 
R 
LO 
RESULT+2H,TMP2 
,:e, 
0eF'l 
All1C"'0 
R 
LD 
RESULT,TMP0 
~ 
~ 
STATt;MENT 
95 
0 
0"'F4 
89FF0000 
R 
CMP 
ERRORCODES,t0FFH 
.r 
.....• 
""'F'8 0102 
BNH 
@0000 
(IQ 
I 
= 
.....• 
STATEMENT 
96 
Q 
~ 
III 
CJ) 
il"'FA 214il 
BR 
ENDTESTS 
- 
n° 
; 
STATEMENT 
97 
III 
0"FC 
@"''''0D: 
~ 
0"'FC 
CB0016 
E 
PUSH 
RAH!START[?FRAME01] 
r:r.. 
"'''F'PCBIl"'14 
E 
PUSH 
RAM1STOP[?FRAME01] 
••.. 
11102 
EF''''000 
E 
CALL 
MEM07 
'< 
"'1"'5 A"'lEil2 
R 
LD 
RESULT+2H,TMP2 


il108 
A01C0il 
R 
LD 
RESULT,TMP0 
STATEMENT 
98 
111"'8 89FF0"'00 
R 
CMP 
ERRORCODES.t"'FFH 
\l10F' D102 
BNH 
@000E 
~ 
STATEMENT 
99 
il111 
2129 
BR 
ENDTESTS 
; 
STATEMENT 
100 
0113 
@000E: 


IH13 
CBeil12 
E 
PUSH 
RAM2START[?FRAME01] 
O116 
ca0010 
E 
PUSH 
RAM2STOP[?FRAME01] 
il119 
EF00il0 
E 
CALL 
MEM07 
011C 
A01E02 
R 
LD 
RESULT+2H,TMP2 
011F 
A"'lC011 
R 
LD 
RESULT.TMP0 
STATEMENT 
101 
11122 
89FF0ilil0 
R 
CMP 
ERRORCODF.S.t0FFH 
O126 
0102 
BNH 
@"Il"F 
STATEMF.NT 
102 
6128 
2112 
ElR 
ENDTESTS 
; 
STAn:MENT 
HJ3 


012A 
@ill:lllF: 


012A 
CB0016 
E 
PUSH 
RAMlSTART[?FRAME01] 
'H2O 
CB0014 
E 
PUSH 
RAMlSTOP[?FRAME01] 
0130 
EF0000 
E 
CALL 
MEM08 


0133 
A01E02 
R 
1,0 
RESULT+2H.TMP2 
0136 
MllC00 
R 
LO 
RESULT.TMP0 
; 
STATEMENT 
104 
'H39 
89FF0000 
R 
CMP 
ERRORCOOES.#0FFH 
0130 
0102 
BNH 
@0010 


; 
STATE~IENT 
105 


iH3F 
20FB 
BR 
ENOTESTS 


; 
STATEIIENT 
106 


0141 
@0010: 
0141 
CB0l112 
E 
PUSH 
RAM2START[?FRAME01] 
0144 
CB0010 
E 
PUSH 
RAM2STOP[?FRAME01] 


0147 
EF0000 
E 
CALL 
MEM08 
iH4A 
A01E02 
R 
LO 
RESULT+2H.TMP2 


0140 
A01C01l 
R 
LO 
RESULT.TMP0 


: 
STATEMENT 
107 
0150 
89~'F00110 
R 
CMP 
ERRORCOOES.#0FFH 
0154 
01112 
BNH 
@0011 
; 
STATEMENT 
108 
::: 
11156 
2I'JE4 
BR 
ENOTESTS 
&l 
; 
STATEMENT 
109 
0158 
@0011 : 
@ 
I 
11158 
CB0016 
E 
PUSH 
RAMlSTART[?FRAME01] 
~ 
0\ 
015B 
CB01114 
E 
PUSH 
RAMlSTOP[?FRAME01] 
0 
015E 
EFI10110 
E 
CALL 
MEM09 
ji;' 
...., 
0161 
Al!llE02 
R 
LO 
RESU1,T+2H.TMP2 
IIQ 
I 
= 
...., 
0164 
A01C00 
R 
LO 
RESUI,T. TMP0 
Q 
...., 
; 
STATEMENT 
110 
~ 
;;' 
0167 
89FF0000 
R 
CMP 
ERRORCOOES.#0FFH 
'" 
016B 
0102 
BNH 
@fl012 
~ 
; 
STATEMENT 
111 
Cl".. 
0160 
20CO 
BR 
ENOTESTS 
'".. 
; 
STATEMENT 
112 
'< 
016F 
@0012: 
016F 
CB0012 
E 
PUSH 
RAM2START[?FRAME01] 
0172 
CB0010 
E 
PUSH 
RAM2STOP[?FRAMEfll] 
0175 
EF0000 
E 
CALL 
MEM09 
0178 
AIlIE02 
R 
r.o 
RESULT+2H.TMP2 
017B 
A01C00 
R 
LO 
RESULT.TMP0 
: 
STATEMENT 
113 
017E 
89FF0000 
R 
CMP 
ERRORCOOES.#0FFH 
0182 
0102 
BNH 
@0013 
; 
STATEMENT 
114 


0184 
20B6 
BR 
ENOTESTS 


: 
STATEMENT 
115 


0186 
@0013: 
0186 
CB0016 
E 
PUSH 
RAMlSTART[?FRAME01] 


0189 
CB0014 
E 
PUSH 
RAMlSTOP[?FRAME01] 


IH8C 
EFI1000 
E 
CALL 
MEM0A 
,n8P 
A01E02 
R 
LO 
RESULT+211. TMP2 


11192 
AIlIC00 
R 
LO 
RESULT. T~lP0 
; 
STATEMENT 
116 
0195 
89FFI10011 
R 
CMP 
ERRORCOOES.#0FFH 


11199 
0102 
BNH 
@1l014 


STATEMENT 
117 
"119B 
2lil9F 
BR 
ENDTESTS 
: 
STATEMENT 
118 


fl19D 
@lilfl14: 


"H9D 
CBlil012 
E 
PUSH 
RAM2START[?FRAMElill] 
"'lAO 
CBlillilllil 
E 
PUSH 
RAM2STOP[?FRAMElill] 
01A3 
EFlil00lil 
E 
CALL 
MEMlilA 
lillA6 
A01Elil2 
R 
LD 
RESULT+2H.TMP2 
illA9 
AlillClilfl 
R 
LIJ 
RESULT.TMPlil 


: 
STATEMENT 
119 
ilIAC 
89FFlillillillil 
R 
CMP 
ERRORCODES,'lilFFH 
lil18lilDllil2 
8NI! 
@lilil15 
: 
STATEMENT 
12lil 
lil182 
2lil88 
8R 
ENDTESTS 
: 
STATEMENT 
121 


III84 
@lillil15: 
il184 
C8lil0lil4 
E 
PUSH 
8ITPATTERN[?FRAMEill] 
lil187 
EFlllillilll 
E 
CALL 
MEMlilC 
!<l18A 
AilIEIl2 
R 
LD 
RESULT+2H.TMP2 
lil18D 
Ail1Clillil 
R 
LD 
RESULT.TMPlil 
: 
STATEMENT 
122 
::: 
lillClil89FF01100 
R 
CMP 
ERRORCODES,'lilFFH 
f;l 
OlC4 
D102 
BNH 
@lillil16 
STATEMENT 
123 
@ 
: 
~ 
lillC6 
2lil74 
BR 
ENDTESTS 
CI\ 
: 
STATEMENT 
124 
!2 
.....• 
01C8 
@lillil16: 
•• 
"'lC8 
CB0lil16 
RAMISTART[?FRAMElill] 
IIQ 
I 
E 
PUSH 
= 
.....• 
lillCB 
C8lillil14 
E 
PUSH 
RAMlSTOP[?FRAMElill] 
= 
00 
~ 
1l1CE 
C806114 
E 
PUSH 
8ITPATTERN[?FRAMElill] 
;:;' 


111Dl 
EFlilfllillil 
E 
CALL 
MEMlilD 
III 
lillD4 
A0IElil2 
R 
LD 
RESULT+2H,TMP2 
!:: 
01D7 
All1Cillil 
R 
LD 
RESULT.TMPlil 
rzo., 
STATEMENT 
125 
•• 
: 
., 
lBDA 
89FFlil0"'lil 
R 
CMP 
ERRORCODES.,lilFFI! 
'< 
lillDE 
Dllil2 
8NI! 
@lillil17 


: 
STATEMENT 
126 
fllE0 
2lil5A 
BR 
ENDTESTS 
: 
STATEMENT 
127 
illE2 
@lillil17: 
lillE2 
CBlilll12 
E 
PUSH 
RAM2START[?FRAMElill] 
01E5 
CBlillilllil 
E 
PUSH 
RAM2STOP[?FRAMElill] 
lillE8 
C80lillil4 
E 
PUSH 
BITPATTERN[?FRAMElll] 
1l1EB 
EFlilll01l 
E 
CALL 
MEMlilD 
!<llEE 
AilIEIl2 
R 
LD 
RESULT+2H.TMP2 
01F! 
AIlIC01l 
R 
LD 
RESULT,TMPlil 


STATEMENT 
128 
01F4 
89FFlil01l0 
R 
CMP 
ERRORCODES,t0FFH 


01F8 
Dllil2 
BNI! 
@0018 
: 
STATEMENT 
129 
IIIFA 
2040 
BR 
ENDTESTS 
: 
STATEMENT 
130 


lllF'C 
@0018: 
!<llFC 
C80lil16 
E 
PUSH 
RAMlSTART[?FRAMElill] 
ilIFF 
C80lil14 
E 
PUSH 
RAMlSTOP[?FRAME01] 


lil2lil2EFlilO06 
E 
CALL 
SYS03 


"'205 
A01E02 
R 
LD 
RESULT+2H.TMP2 
021.18 A01C00 
R 
LD 
RESULT.TMP0 


: 
STATEMENT 
131 
02"'B 
89FF'001iW 
R 
CMP 
ERRORCODES.t0FFH 
"'20F' D102 
BNH 
@0019 


: 
STATEMENT 
132 
0211 
2029 
BR 
ENDTESTS 
: 
STATEMENT 
133 
0213 
@0019: 
0213 
CB0012 
E 
PUSH 
RAM2START[?FRAME01] 
0216 
CB0010 
E 
PUSH 
RAM2STOP[?FRAME01] 
0219 
EF0000 
E 
CALL 
SYS03 


021C 
A01E02 
R 
LD 
RESULT+2tl.TMP2 
021F 
A01C00 
R 
I,D 
RESULT.TMP0 
: 
STATEMENT 
134 
0222 
89FF01100 
R 
CMP 
r.RRORCODES.t0FFH 
0226 
D102 
RNH 
@001A 
: 
STATEMENT 
135 
11228 
2012 
BR 
ENDTESTS 
:: 
; 
STATEMENT 
136 
1cl22A 
@001A: 
("} 
rJJ 
1cl22A C98020 
PUSH 
t2080tl 
fJ 
022D 
CBI1e0A 
E 
PUSH 
TOPOFCODE[?FRAME01] 
Ie 
e230 
EF0Cl00 
E 
CALL 
MEM0B 
0- 
t:l 
0233 
A01E02 
R 
LD 
RESULT+2H.TMP2 
iii' 
-...I 
0236 
A01Ce0 
R 
LD 
RESULT.TMP0 
IIIl 
I 
STATEMENT 
137 
:00 
-...I 
0239 
ADF000 
R 
LDBZE 
ERRORCODES.t0F0H 
'" 
CD 
- 
; 
STATEMENT 
138 
;:;' 
'" 
023C 
ENDTESTS: 
t: 
1123C 
A0021E 
R 
LD 
TMP2.RESULT+2H 
~ 
1123F 
A01ilelC 
R 
LD 
TMP0.RESULT 
.. 
II> 
0242 
CC0e 
E 
POP 
?FRAME01 
.. 
'< 
0244 
A21822 
LD 
TMP6. [SP] 
0247 
65160018 
ADD 
SP.U6H 
024B 
E322 
BR 
[TMP6] 
STATEMENT 
139 
STATEMENT 
14e 
END 


MODULE 
INFORMATION: 


CODE 
AREA 
SIZE 
= 
024DH 
589D 
CONSTANT 
AREA 
SIZE 
= 0000H 
eD 
DATA 
AREA 
SIZE 
= 0e00H 
0D 
STATIC 
REGS 
AREA 
SIZE 
= 01104H 
4D 


OVERLAYABLE 
REGS 
AREA 
SIZE 
= 0000H 
' 
0D 
MAXIMllM 
STACK 
SIZE 
= 01l0AH 
100 
183 
LINES 
READ 


PL/M-96 
COMPILATION 
COMPLETE, 
" I/ARNINGS. 
e 
ERRORS 


SOURCE 
FILE: 
:F5:D96FST.A96 
OBJECT 
FILE: 
:F5:D96FST.OBJ 
CONTROLS 
SPECIFIED 
IN 
INVOCATION 
COMMAND: 
NOGEN 
DEBUG 


LINT 


2 
3 
4 
5 
6 
7 
8 
<) 
III 
11 
12 
13 
14 
15 
16 
17 
18 
19 
211 
21 
22 
23 
24 
25 
26 
27 
28 
29 
311 
31 
32 
33 
34 
35 
36 
37 


:********************** 
••• *****.* ••• ******* 
••• ******** 
••• ******** 
••• ****. 
Selected 
Tests 
ASM96 
MODULE 
STACKSIZE(211) 
:*******T********************.*.*********** 
•• ****** ••• * ••• 
*.***.**.* 
ee31 


In 
order 
to 
run 
this 
module, 
the 
STACK 
must 
be 
ALL 
external. 
and 
the 
rlata ram 
partitioned 
for 
memory 
test 
must 
not 
include 
ANY 
of 
the 
STACK 


PUSH 
PUSH 
PUSH 
PUSH 
PUSH 
PUSH 
PUSH 
PUSH 
PUSH 
PUSH 
CALL 


'<RAM 
seamentl 
start 
address> 
'<RAM 
segmentl 
endinq 
address> 
'<RAM 
segment2 
start 
address> 
'<RAM 
segment2 
ending 
address> 
'<random 
seed> 
'<number 
of 
cycles 
desired 
for 
random 
test> 
'<address 
of 
the 
last 
byte 
of 
rom> 
'<an 
argument 
for 
mul/div 
tests> 
'<a 
second 
argument 
for 
mul/div 
tests> 
'<a 
bit 
pattern 
for 
memory 
tests> 
D96FST 


cseq 
extrn 
syslll;sysIl2,sys03.alu01,alu02.alu03,alu04,aluIl5 
extrn 
memlll.memIl2,memIl3.memIl4,memIl5.~em06.mem07,memIl8 
extrn 
mem09,memlla,mem0b.mem0c.mem0d 


PUBLIC 
D96FST 
$eject 


LINE 
38 
39 
=1 
40 
=1 
41 
=1 
42 
=1 
43 
=1 
44 


=1 
45 


=1 
46 


=1 
47 


=1 
48 
=1 
49 


=1 
50 
=1 
51 


=1 
52 


=1 
53 
=1 
54 
=1 
55 
=1 
56 


=1 
57 
=1 
58 
=1 
59 
=1 
60 
=1 
61 
=1 
62 
=1 
63 
=1 
64 
=1 
65 
=1 
66 
=1 
67 
=1 
68 
=1 
69 
=1 
70 
=1 
71 
=1 
72 
=1 
73 
=1 
74 
=1 
75 
=1 
76 
=1 
77 
=1 
78 
=1 
79 
=1 
8'1 
=1 
81 
=1 
82 


=1 
83 
=1 
84 
=1 
85 


=1 
86 
=1 
87 
=1 
88 
=1 
89 
=1 
90 


=1 
91 
=1 
92 
=1 
93 
=1 
94 


0'1110 


0'105 
(,)0'16 


$include 
(:f3:dstmac.inc) 
~*******.*****.**.*.***.*.********** 
••*** •• *.*****.*.*.****** 
•••• 
*****.*** 
~DST Haeros 
INCLUDE 
FILE 
:******************************* 
••• *******.*. 


:***T.*** 
••••• ******* •• ******** 
••••• 
*****.************._. 
__ ._._._. 
__ ._. 
_ 


macro 
temp: 
DSB 
1 


extrn-zero,sp_stat 


cseg 
ti 
equ 
5 
ri 
equ 
6 


RESET 
WATCHDOG 
MACRO 
LDB 
LDB 


LDB 
ORB 
ANDB 
JNE 


macro 
to 
read 
sp 
stat 
to 
: work 
around 
the 
ri/ti 
bug 
: on 
the 
8x9x-9'1. 
macro 
temp,sp 
stat 
~ 


vI,macro 
temp- 
macro 
ternp.''11100000B 
Sp_read 


macro 
to 
wait 
for 
ri/ti 
set 
and 
avoid 
8x9x-90 
buq. 


NOTEIJ 
this 
macro 
won't 
work 
with 
a 
full 
duplex 
line. 
sp 
stat.v2.$ 
zero.sp_stat 


macro 
to 
test 
hiah 
byte 
of 
EREGl 
and 
branch 
awav 
if 
the 
byte 
is 
non-zero~~ (which 


means 
there 
was 
an 
error). 


ERR 
WC 
OBJECT 
LINE 
SOURCE 
STATEMENT 
96 
iHl00 
97 
D96FST: 
98 
00f<10EF0000 
E 
99 
CALL 
sys02. 
A 9 6 
,CALL 
the 
Power 
Up 
Test 
100 
101 
BR 
ON 
ERR 
Error 
Found 
105 
f<100AEF0f<11/1f<1 
E 
106 
CALL 
alu01 
,CALL 
the 
Add/Subtract 
test 


107 
108 
BR 
ON 
ERR 
Error 
Found 


112 


0014 
EF0000 
E 
113 
CALL 
alu02 
,CALL 
the 
MULUB 
test 


114 
115 
BR 
ON 
ERR 
Error 
Found 


119 
1/101EEFI/I000 
E 
120 
CALL 
alu03 
,CALL 
the 
MUltiply/Divide 
Tahle 
121 
, driven 
test 
122 
BR 
ON 
ERR 
Error 
Found 
126 
,. 


0028 
CB000C 
E 
127 
PUSH 
0ch[sp] 
,PUSH 
a 
seed 
and 
test 
length 
002B 
CB000C 
E 
128 
PUSH 
0ch[sp] 
for 
the 
random 
number 
based 
:: 
1J02E EF0000 
E 
129 
CALL 
alu04 
, Multiply/Divide 
Random 
test 
130 
. 
g 
131 
BR 
ON 
ERR 
Error 
Found 
@ 
I 
135 
IC 
'" 
0038 
CB00l!16 
E 
136 
PUSH 
06h[sp] 
,PUSH 
an 
arqument 
0 
003B 
CB0006 
E 
137 
PUSH 
06h[sp] 
,PUSH 
another 
arqument 
ilr 
-...j 
1/If<13E 
EF0000 
E 
138 
CALL 
alu05 
,CALL 
the 
MUltiply/Divide 
Core 
test 
ao 
I 
:I 
139 
Q 
CD 
BR 
ON 
ERR 
Error 
Found 
CIl 
N 
140 
::to 


144 
- - 
- 
.., 
CIl 
0048 
EFiJ000 
E 
145 
CALL 
mem01 
,CALL 
the 
Complementary 
Address 
test 
t: 
146 
, for 
internal 
registers 
<:1".. 
147 
BR 
ON 
ERR 
Error 
Found 
10.. 
151 
..• 
1/1052EF0000 
E 
152 
CALL 
mem03 
,CALL 
the 
Gallopinq 
Is/0s 
test 
153 
, for 
internal 
reaisters 
154 
BR 
ON 
ERR 
Error 
Found 
158 


l!I05CEFl!I000 
E 
159 
CALL 
mem05 
,CALL 
the 
Chekerhoard 
Pattern 
test 


160 
, for 
internal 
registers 
161 
BR 
ON 
ERR 
Error 
Found 
165 


iJ066 CB0014 
E 
166 
PUSH 
14h[sp] 
,PUSH 
a 
start 
and 
end 
address 
iJ069 CB0014 
E 
167 
PUSH 
14h[sp] 
, for 
a 
region 
of 
RAM 
to 
conduct 


006C 
EF000l!1 
E 
168 
CALL 
mem06 
, the 
Complementary 
Address 
test 
for 
169 
, external 
RAM 


170 
BR 
ON 
ERR 
Error 
Found 


174 


0074 
CB0010 
E 
175 
PUSH 
10h[sp] 
,PUSH 
a 
start 
and 
end 
address 
0077 
CB0l!l10 
E 
176 
PUSH 
10h[sp] 
, for 
another 
region 
of 
RAM 
to 
conduct 
007A 
EF0000 
E 
177 
CALL 
mem06 
, the 
Complementary 
Address 
test 
for 
178 
, external 
RAM 
179 
BR 
ON 
ERR 
Error 
Found 
183 
1/1082CB0014 
E 
184 
PUSH 
14h[sp] 
,PUSH 
a 
start 
and 
end 
address 
0085 
CB0014 
E 
185 
PUSH 
14h[sp] 
, for 
a 
rea ion 
of 
RAM. 
and 
PUSH 


ERR 
LaC 
OBJECT 
LINE 
SOURCE 
STATEMENT 
0088 
CBlil~"'6 
E 
186 
PUSH 
lil6h[sp] 
a bit 
pattern 
to 
use 
in 
the 
lillil8B 
EFlillillillil 
E 
187 
CALL 
memlild 
Checkerboard 
Pattern 
test 
for 
188 
external 
RAM 
189 
BR 
ON 
ERR 
Error 
Found 
193 
"'lil93CBlillilllil 
E 
194 
PUSH 
llilh[sp] 
;PUSH 
a 
start 
and 
end 
address 
for 
lillil96 
CB0lil1lil 
E 
195 
PUSH 
llilh[sp] 
; 
another 
region 
of 
RAM. 
and 
PUSH 
lillil99 
CBlillillil6 
E 
196 
PUSH 
lil6h[sp] 
a bit 
pattern 
to 
use 
in 
the 


"'lil9CEFlillillil0 
E 
197 
CALL 
memlild 
; Checkerboard 
Pattern 
test 
for 
198 
; 
external 
RAM 
199 
BR 
ON 
ERR 
Error 
Found 
2lil3 
lllilMCBlilll14 
E 
2lil4 
PUSH 
14h[sp] 
;PUSH 
a 
start 
and 
end 
address 
lillilA7 
CB0014 
E 
2lil5 
PUSH 
14h[sp] 
; 
for 
a 
region 
of 
RAM 
to 
conduct 
3: 
00AA 
EFlillillillil 
E 
2lil6 
CALL 
syslil3 
; the 
Pro~ram 
Counter 
test 
2lil7 
~ 
2lil8 
BR 
ON 
ERR 
Error 
Found 
@, 
212 
'oC 
0lilB2CB0lil1lil 
213 
llilh[sp] 
;PUSH 
a 
start 
and 
end 
address 
~ 
E 
PUSH 
0 
"''''B5CBlillilllil 
E 
214 
PUSH 
llilh[sp] 
; 
for 
another 
region 
of 
RAM 
to 
conduct 
;. 
-..j 
IllilB8EF'0lillillil 
E 
215 
CALL 
syslil3 
; 
the 
Pro~ram 
Counter 
test 
"":s 
I 
216 
Q 
00 
217 
BR 
ON 
ERR 
Error 
Found 
~ 
Co) 
n' 
221 
'" 
lillilC0 
C9802lil 
222 
PUSH 
t2lil8lilh 
;PUSH 
the 
code 
starting 
address 
t: 
"''''C3CB0lillilA 
E 
223 
PUSH 
lilah[sp] 
;PUSH 
the 
code 
ending 
address 
r:r.. 
"'lilC6EFlillillillil 
E 
224 
CALL 
memlilb 
; CALL 
the 
checksum 
routine 
III.. 
225 
..• 
'''''C9A13llil000 
E 
226 
LD 
eregL 
tlillil31h 
;ALL 
DIAG96 
TESTS 
PASSED 
227 
; 
load 
appropriate 
error 
code 
228 
0lilCDCF0lil14 
E 
229 
POP 
14h[sp] 
; 
clean 
off 
the 
stack 
lillilDlil 
65l2lillillil0 
E 
23lil 
ADD 
sp.U2h 
IllilD4Flil 
231 
RET 
; 
return 
to 
the 
calling 
program 
232 
0"05 
233 
Error 
Found: 
234 
IllilD5CFlillil14 
E 
235 
POP 
l4h[sp] 
; 
clean 
off 
the 
stack 
0"08 
65l2lillil0lil 
E 
236 
ADD 
sp.U2h 
"''''DCFlil 
237 
RET 
; 
return 
to 
the 
calling 
program 
238 
239 
:*** •••••• 
** ••••• 
**.** •• ****.** 
•• ************* 
•• ****** •••• * •••• ** •• **** ••• 
0lilDD 
24lil 
end 


SYMBOL 
TABLE 
LISTING 
-------------------- 


N 
A 
M 
E 
VALUE 
ATTRIRUTES 


ALUIH 
----- 
CODE 
EXTERNAL 
ALU02 
. ----- 
CODE 
EXTERNAL 
ALUlJ3 
----- 
CODE 
EXTERNAL 
ALU04 
CODE 
EXTERNAL 
ALU0S 
----- 
CODE 
EXTERNAL 
BR 
ON 
ERR 
----- 
MACRO 
D96FST. 
0000H 
CODE 
REL 
PUBLIC 
ENTRY 
EREGl 
----- 
REG 
EXTERNAL 
EREG2 
----- 
REG 
EXTERNAL 
ERROR 
FOUND 
00DSH 
CODE 
REL 
ENTRY 
MACRO-TEMP. 
0000H 
REG 
REL 
BYTE 
:.:: 
MEM0l 
----- 
CODE 
EXTERNAL 
, 


MEM02 
----- 
CODE 
EXTERNAL 
fA 
MEMIH 
----- 
CODE 
EXTERNAL 
, .. 
~ 
~ 
MEM04 
----- 
CODE 
EXTERNAL 
ID 
MEM0S 
----- 
CODE 
EXTERNAL 
<. 
~ 
HEM06 
----- 
CODE 
EXTERNAL 
;! 
SO 
-..j 
MEM07 
. ----- 
CODE 
EXTERNAL 
IIQ 
I 
MEM0S 
----- 
CODE 
EXTERNAL 
=0 
<Xl 
MEM09 
----- 
CODE 
EXTERNAL 
~ 
~ 


l 
c 
i'j' 
MEM0A 
----- 
CODE 
EXTERNAL 
'" 
MEMilB 
----- 
CODE 
EXTERNAL 
c: 
MEM0C 
----- 
CODE 
EXTERNAL 
r::t'.. 
MEM0D 
----- 
CODE 
EXTERNAL 
SO.. 
RESET 
IIATCHDOG. 
----- 
MACRO 
'< 
RI. 
0006H 
NULf, ABS 
SELECTED_TESTS_ASM96. 
----- 
MODULE 
STACKSIZE(20) 
SP. 
----- 
REG 
EXTERNAL 
SP 
STAT 
. 
----- 
REG 
EXTERNAL 
SPSTATUS. 
----- 
MACRO 
SP\IAIT. 
----- 
MACRO 
SYSill 
----- 
CODE 
EXTERNAL 
SYS02 
----- 
CODE 
EXTERNAL 
SYS03 
----- 
CODE 
EXTERNAL 
TI. 
000SH 
NULL 
ABS 
ZERO. 
----- 
REG 
EXTERNAL 


ASSEMBLY 
COMPLETED, 
NO 
ERROR(S) 
FOUND. 


SOURCE 
FILE, 
,F2,DSTUSR.A96 
OBJECT 
FILE, 
,F2,DSTUSR.OBJ 
CONTROLS 
SPECIFIED 
IN 
INVOCATION 
COMMAND, 
GEN 
DEBUG 


0040 
0040 


0040 


0000 


0100 


0100 


4200 


.....• 
4200 
I 
<Xl 
0'1 


:l0B'" 


:l080 A1FF0040 
2084 
E040FD 


2087 
AHJ00000 


208B 
C90001 
UJ8E 
C9FFI'l7 
2091 
C90042 
2094 
C9FF5F 
2097 
C9EF47 


209A 
C90010 
209D 
C9FF3F 
21:lAl<l 
CY429D 
20A3 
C98C77 


20A6 
C95A5A 
20A9 
EF0000 


20AC 


20AC 
C98081l 


20AF 
C91l080 


2082 
EF0000 


LINE 
1 
2 
3 
4~ 
6., 


8 
9 


III 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
2:l 
:lJ 
:l4 
25 
:l6 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 


SOURCE 
STATEMENT 
;*.**** •••••••••••••••• 
*** •• **** ••••• 
**************** 
••••••••••••••••••• 
DSTUSR 
MODULE 
main.stacksize(2) 
;••••••••••••••• 
**.**.** ••••• ***** ••• ** ••• ** ••• ****.***.**** 
•• *.* ••• **** 


oseg 
at 
40h 


User 
Registers, 
DS8 
- 
temp 
set 


1ch 
User_Registers 
,WORD 


,to 
ensure 
that 
the 
STACK 
does 
not 
qet 
located 
in 
an 
area 
of 
RAM 
that 
wii1 
be 
memory 
tested, 
reserve 
those 
regions 


as 
data 
segments. 
. 


LD 
temp. #0ffh 
DJNZ 
temp. $ 


LD 
sp.#STACK 


PUSH 
#l00h 
PUSH 
t7ffh 
PUSH 
t4200h 
PUSH 
,5fffh 
PUSH 
t47efh 


PUSH 
#l000h 
PUSH 
t3fffh 
PUSH 
t9d42h 
PUSH 
t778ch 
PUSH 
tSaSah 
CALL 
DSTISR 


Main 
Task, 


push 
#8080h 
push 
#8000h 


call 
i'llu05 


,RAM 
segment1 
,RAM 
seament1 


,RAM 
seqment2 


,RAM 
segment2 


,random 
seed 


,random 
test 
1enath 
,top 
of 
code 
address 
,an 
argument 
for 
mu1/div 
test 


,another 
araument 
for 
mu1/div 
test 


,bit 
pattern 
for 
memory 
test 


,CALL 
the 
Dynamic 
Stability 
Test 
initialization 
routin~ 


start 
end 
start 
end 


address 
ac1dress 
address 
address 


ERR 
LOC 
OBJECT 
LINE 
SOURCE 
STATEMENT 
2085 
980001 
E 
52 
cmpb 
eregl+l.zero 
; 
t8080h 
and 
t8000h 
in 
all 
208B 
DF022074 
53 
I 
bne 
error 
found 
; combinations 
IJE 
~+4 
ISJMP 
error 
found 
: combinations 
54 


:l08C 
C90080 
55 
push 
t8000h 
208F 
C98080 
56 
push 
t8080h 


20C2 
EF0000 
E 
57 
call 
alu05 
20C5 
980001 
E 
58 
cmpb 
ereql+l.zero 


20C8 
OF022064 
59 
I 
bne 
error 
found 


IJE 
~+4 
ISJMP 
error 
found 
60 


20CC 
C90080 
61 
push 
t8000h 
20CF 
C90080 
62 
push 
t8000h 


2002 
EF0000 
E 
63 
call 
alu05 
2005 
980001 
E 
64 
cmpb 
eregl+l.zero 
2008 
0756 
65 
bne 
error 
found 
66 
200A 
C98080 
67 
push 
tB080h 
2000 
C90080 
68 
push 
t8000h 
~ 
20E0 
EF0000 
E 
69 
call 
alulil5 
~ 
2lilE3980lillill 
E 
70 
cmpb 
eregl+l.zero 
20E6 
0748 
71 
bne 
error 
found 
I~ 
72 
- 
~ 
:l0E8 C90001 
73 
push 
Ulillilh 
; 
perform 
a 
galloping 
ls/lils test 
~ 
.....• 
20E8 
C9FFlil7 
74 
push 
t7ffh 
; 
on 
a 
small 
section 
of 
RAM 
IIQ 
I 
20EE 
EFlillillil0 
E 
75 
CaU 
memlila 
:I 
C> 
(Xl 
20Fl 
980lil01 
E 
76 
cmpb 
eregl+l.zero 
'" 
m 
- 
2lilF4073A 
77 
bne 
error 
found 
~. 
78 
t:: 
2lilF6C800 
E 
79 
push 
timerl 
;send 
a 
timerl 
based 
seed 
to 
the 
~ 
20F8 
C90lil2lil 
80 
push 
t2lillillilh 
;random 
number 
based 
mUltiply/divide 
..•• 
20F8 
EF0lillillil 
E 
81 
call 
alulil4 
; 
test 
and 
let 
it 
run 
for 
a 
string 
.. 
'< 
2lilFE98l:l01H 
E 
82 
cmpb 
eregl+lh.zero 
; 
of 
2000h 
argument 
pairs 
- 


2101 
0720 
83 
bne 
error 
found 
84 
2103 
EF0000 
E 
85 
call 
alu01 
;perform 
the 
add/subtract 
test 


21lil698lil0lill 
E 
86 
cmpb 
eregl+lh.zero 


2109 
0725 
87 
bne 
error 
found 


88 


21118 C90042 
89 
push 
t4200h 
; perform 
a 
Complementary 
address 
test 


21lilEC9FF5F 
90 
push 
t5fffh 
: on 
a 
large 
section 
of 
RAM 
2Ul 
EF0000 
E 
91 
Call 
Mem06 
2U4 
980001 
E 
92 
cmpb 
eregl+l.zero 
2117 
0717 
93 
bne 
error 
found 
94 
2119 
EF0000 
E 
95 
call 
alulil2 
; 
perform 
the 
MULUB 
test 
211C 
98lil001 
E 
96 
, 
cmpb 
eregl+lh.zero 
211F 
070F 
97 
bne 
error 
found 
98 


2121 
C8lil0 
E 
99 
push 
timerl 
send 
another 
timerl 
based 
seed 
to 
2123 
C90020 
10lil 
push 
t2lillillilh 
the 
random 
number 
based 
multiply/ 
2126 
EFlil000 
E 
llill 
call 
alu04 
divide 
test 
2129 
9800lill 
E 
llil2 
cmpb 
eregl+lh.zero 
212C 
0702 
.. 
103 
bne 
error 
found 
104 


2130 
2130 FA 
2131 EF0000 


LINE 
105 
106 
Ul7 
108 
109 
110 
111 
112 
113 
114 
115 
116 
117 
118 


Error 
found: 
- 
di 
CALL 
if an error is found. disable 
interrupts and call the error 
procedure 
in the DST96.LIB. 


the test that found an error will 
have placed the appropriate 
error codes in locations EREGI and 
EREG2 
for output 
through Error_proc 


M S-96 MACRO ASSEMBLER 
DSTUSR 


SYMBOL TABLE LISTING 
-------------------- 


N A M E 
VALUE 
ATTRIBUTES 


ALU0l 
CODE EXTERNAL 
ALU02 
CODE EXTERNAL 
ALU04 
CODE EXTERNAL 
ALV0S 
CODE EXTERNAL 
DSEGI 
0100H 
DATA ABS BYTE 
DSEG2 
4200H 
DATA ABS BYTE 
DSTISR. 
CODE EXTERNAL 
DSTUSR. 
MODULE MAIN STACKSIZE(2) 
EREGI 
REG EXTERNAL 
ERROR FOUND 
2l30H 
CODE ABS ENTRY 
ERROR-PROC. 
CODE EXTERNAL 
I~AINTASK 
20ACH 
CODE ABS ENTRY 
MEM06 
CODE EXTERNAL 
MEM0A 
CODE EXTERNAL 
SP. 
REG EXTERNAL 
TE~IP. 
0040H 
OVERLAY"ABS 
WORD 
TIMERI. 
REG EXTERNAL 
USER REGISTERS. 
0040H 
OVERLAY 
ABS BYTE 
ZERO:- 
REG EXTERNAL 


ASSEMBLY COMPLETED. 
NO ERROR(S) FOUND. 


80960 Article Reprints 
8 


~ 
Intel's 80960: 
An Architecture Optimized 
for Embedded Control 


ntel's internally developed 80960 architecture allows embedded sys- 
tem designers to take advantage of silicon technology advancements 
without architectural limits. The 80960, developed from scratch for 


embedded control applications, eliminates architectural obstacles to state- 
of-the-art implementation techniques that allow parallel and out-of-order 
instruction execution. 
In introducing the 80960 architecture, I distinguish between the architec- 


ture and the microarchitecture of an implementation. A microarchitecture 
is an actual implementation of the architecture's instruction set and pro- 
gramming 
resources. 
Different 
microarchitectures 
may have different 


pipeline construction, 
internal bus widths, register set porting, cache pa- 


rameterization (two-way, four-way, and so on), and degrees of parallelism, 
or may not execute instructions out of order. The architecture is specified in 
such a way that wide latitude is available for future microarchitectural ad- 
vancements. In this way both very high performance and highly integrated 
controllers can be built using the 80960 architecture. 


Principally, the 80960 architecture allows, for at least the next decade, 


silicon technology and microarchitectural 
advances to translate directly 


into increased performance 
without architectural 
limitations. While the 


common performance target of typical RISe architectures is an execution 
speed of one instruction per processor clock cycle, the 80960 architecture 
targets the execution of multiple instructions per clock cycle (fractional 
clock cycles per instruction). By defining an architecture that supports par- 
allel instruction execution and out-of-order 
instruction execution, we do 


not constrain performance advances to the system clock cycle. 
Additionally, the 80960has been optimized for the wide range of applica- 


tions that are unencumbered by a need to be compatible with an existing 
embedded control architecture. These applications are often very cost sen- 
sitive, require a different mix of instructions than reprogrammable applica- 
tions, have demanding interrupt response requirements, and use real-time 
executives rather than full-blown operating systems. With these factors in 
mind, we developed the 80960 while avoiding architectural constructs that 
would restrict an implementation's 
capability to execute multiple instruc- 


tions in one clock cycle. 


Executing 


instructions in 


one clock cycle is 


not fast enough 


for this standard- 


core architecture. 


Its parallelism 


and out««der 


execution promise 


fractional clock 


rates in future 


implementations. 


David P. Ryan 
Intel Corporation 


June 1988 
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The architecture 
also allows application-specific 


extensions such as: 


• instruction 
set extensions (floating-point 
opera- 


tions), 
• special registers, 
• larger caches, 
• multiple caches, 
• on-chip program and data memory, 
• a memory management and protection unit, 
• fault -tolerance support, 
• multiprocessing support, and 
• real-time peripherals (DMA, analog/digital, 
serial 


ports). 


The 80960's instruction set has also been optimized 


for embedded control applications. It offers Boolean 
operations more powerful than those ofthe 80S I family. 
Single instructions 
access frequently executed func- 


tions for increased code density and performance. 
They include CALL, RET, Compare_and_Branch, 
Conditional_Compare, 
Compare_and_lndement 


or Decrement, and Bit Field Extract. 


A priority interrupt structure simplifies the manage- 


ment of real-time events, and, along with a user/super- 
visor model, 
supports 
fast, 
safe, 
real-time 
kernel 


operation. 
A generalized fault-handling 
mechanism 


simplifies 
the task 
of detecting 
errant 
arithmetic 


calculations or other conditions that typically require a 
significant amount of user code runtime support. The 
80960 does not require sophisticated, optimizing high- 


level-language compilers to achieve high performance. 
However, no obstacles to performance enhancements 
via a good optimizing compiler exist. 


Since products based on the 80960 have high perfor- 


mance levels, even without code optimization, 
many 


users will attain their required system performance 
with 80960 products without having to understand the 
parallelism of the implementation they are using. 


The 80960 can best be described as a register-rich, 


load/store architecture with an instruction set designed 
to let implementations exploit pipelining and parallel 
execution strategies. Direct embedded control support 
includes: 


• an optimized instruction set, 
• a flexible interrupt structure, 
• a user-supervisor model, 
• a powerful fault-handling structure, and 
• multiprocessing hooks and debug support. 


The architecture extends easily. 


Figure I shows a logical block diagram of the ar- 


chitecture's 
-programming 
resources. 
The 
32-bit 


memory space is flat. Data moves between memory 
and registers via load and store instructions. Process- 
ing elements surrounding the registers manipulate par- 
allel data; 
they receive their instructions 
from the 


32 special-function 
registers 
.frO - 31 
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instruction sequencer. 
The instruction 
sequencer reads multiple instruc- 


tions simultaneously 
from an instruction cache and 


presents the instructions in parallel to the processing 
elements as appropriate. 
When the instruction stream 


or an asynchronous event requires a context switch, the 
local variables from the suspended procedure move to 
the register cache. Memory accesses to save previously 
suspended register sets occur only when the register 
cache is filled. The implementation 
determines the 


number of architecturally transparent register sets that 
can be cached. 


We expect different implementations of the process- 


ing elements in an 80960-based controller-optimized 
for specific applications-will 
evolve. We defined a 


standard core architecture to maintain binary-compati- 
ble instruction 
sets across all implementations 
for 


leveraging compiler and real-time kernel development. 
Subsequent references to the 80960, without an alpha 
suffix, refer to the architecture. 
References to an 


80960XY pertain to actual implementations of the core 
architecture, 
which may contain architectural 
exten- 


sions and/or on-chip peripherals. (See the accompany- 
ing box for a discussion of three implementations.) 


Implementations of the 80960 


As an example of an actual implementation of the 


core architecture, 
consider 
the first 
80960 im- 


plementation, the 80960KB controller. The KB pro- 
vides architectural extensions such as floating-point 
operations 
(Figure A). Its on-chip floating-point 


unit implements the IEEE floating-point standard, 
including 
transcendental 
support. 
Floating-point 


performance 
exceeds 4 million Whetstone opera- 


tions per second at 20 MHz. The 80960KB integrates 
a Sl2-byte instruction cache and an interrupt con- 
troller on chip. 


Another 
member of the family, the 80960KA 


controller, fits the KB socket but lacks the on-chip 
floating-point 
unit. 
The 80960MC controller, 
a 


military-qualified 
version similar to the KB, adds 


Ada tasking support and a memory management 
and protection unit. 
The 80960KA, KB. and MC microarchitecture 


sustains execution of up to one instruction per clock 
cycle at 20 MHz (20 native MIPS). It performs a 
variety of benchmark programs seven to 10 times 
faster than a VAX 11/780 (7 to 10 VAX MIPS). 
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Register model 


The user directly accesses thirty-two 32-bit general· 


purpose 
registers and 
32 special-function 
registers 
(SFRs). (Refer to Figure I.) Of the 32 general registers, 
16are global registers and 16are local registers. Data in 
the 16 global registers remain visible 'and unchanged 
when crossing procedure boundaries, 
characteristics 


exhibited by "normal" 
registers in other architectures. 


The CALL instruction caches the local registers and 
the RET instruction restores them. The SFRs provide a 
real-time register interface to on-chip peripherals. The 
SFRs, the contents of which are not defined by the ar· 
chitecture, control implementation-specific hardware. 


When a procedure call occurs, data in the local regis- 


ters automatically move to a register cache. Thus, the 
called procedure is not required to explicitly save the 
local registers. When the called procedure executes a 
return instruction, the data in the local registers prior 
to the call are restored. The call/return sequence does 
not affect the global registers, which can be used to 
p'ass parameters and results between procedures. 
A large, general-purpose register set greatly reduces 


the number of memory requests required to perform a 
task. Various optimization techniques can use large- 
register sets to remove data dependencies that would 
otherwise prohibit parallel instruction execution. For 


example, a hypothetical implementation of the archi- 
tecture could provide parallel execution of two ADD 
instructions. 
Having many general-purpose 
registers 


with which to work simplifies code optimization 
so 


that neither ADD instruction references a source that 
was the destination 
of the other ADD instruction. 


Under such circumstances, two ADD instructions per 
cycle could be sustained. 
. Note that such program optimizations are not re- 
quired. 
Any program 
using the architecture's 
core 


instruction set and not referencing the SFR address 
space or external I/O, whether optimized or not, will 
function 
correctly 
on any implementation 
without 


modification. 
Even if the optimization 
rules are 


radically different between implementations, code that 
is optimized for one implementation will run correctly 
on another implementation 
without modification or 


recompilation. 


The architecture also guarantees that data dependen- 


cies will be correctly handled without programmer in- 
tervention. 
For example, execution of an arithmetic 


instruction will be delayed if it uses a register that is 
waiting for data to be loaded from memory. However, 
other instructions that do not use the register in question 
could be executed immediately with all data dependen- 
cies automatically maintained. This capability is only 
beneficial when a large register set is present to remove 
avoidable data dependencies. 
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The 80960 instruction 
set is similar in design to 


engines in reduced instruction set computers. Because 
the 80960 was designed to avoid performance bottle- 
necks resulting from instruction decoding times, all op- 
codes are 32 bits (one word) in length and must be 
aligned 
on word boundaries. 
The only two-word 


(64-bit) instruction format loads 32-bit immediate con- 
stants 
and 
assists 
effective 
address 
calculations. 


Generally, load, store, and control instructions access 
memory. All other instructions access only registers. 
Thirty-two-bit opcodes provide tremendous flexibil- 


ity in instruction 
encoding. 
However, 
performance 


penalties associated with code size can occur when 
often-used 
complex 
instruction 
sequences 
are not 


available in a one-word format. Large code size not 
only increases system cost due to larger memory re- 
quirements but also results in penalties in cache utiliza- 
tion and bus-bandwidth requirements. 


The 80960 includes one-word multifunction instruc- 


tions to avoid such code density problems that increase 
memory requirements and to allow complex functions 
to be parallelized. For example, the CALL and RET 
instructions provide one-word encodings for sequences 
that otherwise require several instructions. Implemen- 
tations of the architecture could perform the CALL/ 
RET operations in parallel with other instructi'on exe- 
cution. Or, the processor could execute from an on- 
chip ROM a similar sequence of simple 80960 instruc- 
tions that the user would have to write if CALL/RET 
instructions were not in the architecture. Executing the 
code from permanent on-chip storage results in higher 
performance than does requiring the instructions to be 
fetched and cached every time they are used. In addi- 
tion to ensuring higher performance, or possibly paral- 
lel performance, implementations of such functions as 
ROMed assembly code sequences-triggered 
by a one- 
word opcode-are 
more silicon efficient than are in- 


creases of on-chip cache sizes to deal with poor code 
density. For example, a ROM cell is typically one 
fourth the size of a RAM cell. 


The availability of complex instructions in the ar- 
chitecture does not prohibit the programmer from by- 
passing them if simpler functions are desired. For ex- 
ample, a BAL (Branch_and_Link) 
instruction can 


be used to call a procedure that does not require a new 
set of local registers. The BAL instruction saves the 
next instruction pointer in a register and branches to 
the specified destination. When the procedure is ready 
to return, it executes an indirect branch to the return in- 
struction pointer that was saved. It is likely that BAL 
will always be faster than CALL since no local registers 
are being saved. The programmer can use whichever 
method best suits the circumstances. 
Figure 2 shows the 80960 instruction 
encodings. 
Most instructions appear in the REG format, which 
specifies an opcode and three registers/literals (one of 
32 registers, or a constant value in the range 0 to 31). 


The COBR format specifies a set of compare and 
branch instructions. The CRTL format covers branch 
and call instructions. The MEM formats support load 
and store instructions. 


Much of the instruction set is what one would expect 


to encounter in all processors (ADD, MUL, SHIFT, 
BRANCH); 
however, 
some 
instructions 
deserve 


special mention. 


• The register-register 
move instructions 
transfer 


one, two, three, or four register values. The same is 
true for the load and store instructions (for example, 
LDQ loads four words into four registers). 


• In addition to the normal shift instructions, 
the 


SHRDI instruction provides an adjustment to the re- 
sult so the instruction can be used to divide a value by a 
power of two. (Normal right-shift instructions do not 
divide correctly when the valuds 
negative and odd.) 


• All logical operations of two operands are provided 


(AND, NOTAND, ANDNOT, NOR). 


• An extensive set of bit instructions exists (SET 


BIT, CLEAR BIT, NOT BIT, SCAN a register for the 
first 0, or I, BRANCH on bits set or clear), as well as 
instructions 
for 
accessing 
bit 
fields 
(MODIFY, 


EXTRACT). 


• Single-instruction 
COMPARE_AND_ 


BRANCH encodings optimize code density for these 
frequently executed operations. 


• Conditional 
compare (CONCOMP) 
instructions 


speed bounds checking. 
Table I on the next page summarizes the 80960 core ar- 
chitecture instruction set. 


The architecture directly supports integer (signed) 


and ordinal (unsigned) data types. Bits, bit fields, 
bytes, short words, words, and double words can be 
manipulated in registers and transferred to and from 
memory. Triple words and quad words can also move 
between the registers and memory. 


Register operations 


Most 80960 instructions operate on registers. The ar- 


chitecture provides arithmetic, logical, bit and fit field, 
data movement, and comparison operations. To take 
full advantage of the large register set, three-operand 
instructions specify any register as one or both sources 
and/or the destination of an operation. 


Arithmetic 
and logical. The architecture supports 


both standard 
and extended arithmetic 
operations. 


Add, subtract, 
multiply, and divide operations 
are 


available on 32-bit integers and ordinals. 
Extended 


multiply operates on two 32-bit ordinals and generates 
a 64-bit result. Extended divide divides a 64-bit ordinal 
by a 32-bit ordinal, producing a 32-bit quotient and 
32-bit remainder. Addition and subtraction with carry 
allow 32-bit ordinals to provide extended precision 
adds and subtracts. 


Table 1. 


80960 instruction 
summary. 


REGISTER 
OPERATIONS 


ARITHMETICS 
a~ilo) 
Add 


addc 
Add with Carry 


sub! i I 0 ) 
Subtract 
subc 
Subtract with Borrow 


muq I I0 J 
Multiply 
ernul 
Extended 
Multiply 


di"1 I I0 ) 
Divide 


ediv 
Extended 
Divide 


rem[ II 0) 
Remainder 


modi 
Modulo Integer 


sh[ 10I ro Iii Iri I d] 
Shift 


MOVEMENT 
mo-.111t I q) 
Move registers to registers 


Ida 
Load Address 


COMPARISON 
cmp[ II 0 ) 
Compare 
cmpdec( I I 0) 
Compare and Decrement 


cmpinc( i I0 ] 
Compare and Increment 


concmp II I 0 ) 
Conditional 
Compare 


test [ 0] 
Test for condition 


scan byte 
Scan for matching byte 


LOGICAL 
and 
andnot 
notand 
nand 
or 
nor 
ornot 
notor 
xnor 
xor 
not 
rotate 


dst := src 1 & src2 
.dst := src2 & (-srcl) 
dst := (-src2) & srcl 
dst := -(src2 & src 1) 
dst := srcl Isrc2 
dst := -(src21 srcl) 
dst:= src21 (-srcl) 
dst:= (-src2) Isrcl 
dst:= (src21 srcl) 
& -(src2 & srcl) 
dst := -(src21 srcl) I (src2 & srcl) 
dst:= 
-src 


Rotate Bits 


BIT AND BIT FIELD 
setbit 
Set a Bit 
clrbit 
Clear a Bit 


notbit 
Toggle (invert) a Bit 


chkblt 
Check a Bit and set condition code 


alterbit 
Change a Bit according to an operand 


scanbit 
Search src for most significant set bit 


span bit 
Search src for most significant cleared bit 


extract 
Extract specified bit pattern from a word 


modify 
Modify selected bits in dst with src 


CONTROL 


BRANCH 
b 
bx 
bal[x) 
b[O] 
cmpib[O] 
cmpob[O] 


FAULT 


fault[O] 
syncf 


PROCEDURE 
caI 
canx 
cans 
ret 


Branch (t 2 MByle relative offset) 
Branch Exte.~ded (32-Blt Indirect Branch) 
Branch and Unk ("RISC Branch") 
Branch on Condition 
Compare Integer and Branch on Condition 
Compare Ordinal and Branch on Condition 


Fault on Condition 
Synchronize 
Faults 


Procedure Call (t 2 MByte relative offset) 
Call Extended (32-Blt Inclrect Call) 
System Procedure Call 
Return 


ENVIRONMENT 
modpc 
Modify Process Controls 
modac 
Modify Arithmetic Controls 
modtc 
Mocify Trace Controls 
flushregs 
Flush Local Register Cache to Memory 


DEBUG 
mark 
fmark 
ConditiClnal1ygenerate Trace Fault 
Unconditionally 
generate Trace Fault 


MEMORY 
OPERATIONS 


LOAD/STORE 


Idlblsilltlq) 
Load 
stlbls 
Illtl 
q) 
Store 


READIMODIFYtWRlfTE 
atadd 
Atomic Add (Locked RMW Cycles) 


atrnod 
Atomic Modify (Locked RMW Cycles) 


I = integer, 0 = ordinal, b = byte, s = short, w '" word (32-bits), I = long, t = triple, q = quad, 
10= left ordinal. Ii = left integer, ro = right ordinal, rI = right Integer, di = right dividing Integer 
dst = destination, 
src = source, x = extended, 
° = Conditions: If [equal I not equal I less I less or equal I greater Igreater or equal Iordered Iunordered ) 


Arithmetic shift operations support 32-bit ordinals. 


Logical shift instructions operate on 32-bit integers, 
and a 32-bit register value can also be rotated. In addi- 
tion, all possible two-operand, bitwise Boolean opera- 
tions exist: AND, NOTAND, ANDNOT, 
XOR, OR 
NOR, XNOR, NOT, NOTOR, ORNOT, and NAND. 


Bit and bit field. Bit operations allow bits in the reg- 
isters to be set, cleared, toggled, and moved to or from 
the condition codes. SCAN and SPAN operations pro- 
vide ways to find the most significant set or cleared bit 
in a register. 


The 80960 contains two bit field instructions, EX- 
TRACT and MODIFY. The EXTRACT instruction 
shifts a bit field in a register to the right and fills in the 
bits to the left of the bit field with zeros. The MODIFY 
instruction moves a specified bit field from one register 
to another when no adjustment change in bit position is 
required. 


Data movement. A set of data movement (MOV) in- 
structions allows register values to be copied to other 
registers. The MOV instructions can move from one to 
four registers at once. The load and store operations 
described later move data to and from memory. 


Comparison. 
These instructions compare operands 
and set the resulting condition codes in the arithmetic 
controls 
register (Figure 3). The 80960's condition 
codes listed in Table 2 provide the arithmetic flag func- 
tion of other architectures, in a way that allows max- 
imum parallel execution. 
In general, only compare instructions set the 80960's 
condition codes and conditional instructions use them. 
To perform an ADD followed by a conditional branch 
when the result is zero, a Compare_and_Branch 
in- 
struction 
must be executed after the ADD because 
arithmetic 
instructions 
do not alter the condition 
codes. 


Table 2. 
Condition code encodings. 


Condition code 
Condition 


000 
Unordered • 
001 
Greater Than 
010 
Equal (True) 
011 
Greater Than or Equal 
100 
Less Than 
101 
Not E~aI 
(False) 
110 
Less 
an or Equal 
111 
Ordered 


• Used with floating-point data types. 


Although not generally noticed in a sequential exe- 


cution environment, a parallel environment mandates 
the decoupling of the condition 
codes from the in- 


struction set. The 80960 allows multiple instructions 
to execute simultaneously, 
thus giving ambiguous 


meaning to a set of condition codes that are altered by 
multiple 
arithmetic 
instructions 
in the same clock 


cycle. The 80960 approach separates condition check- 
. ing and decision making from all other instructions to 


provide flexibility in reordering instructions for paral- 
lel execution. 
The 
80960 compare 
instructions 
compare 
both 


integers and ordinals. 
A subset of the compare in- 


structions increments or decrements an operand after 
the comparison. 


Memory operations 


The load/store nature of the architecture decouples 


memory references from instruction execution. Regis- 
ter set and memory instructions can be executed simul- 
taneously. Since the load data may take some time to 


arrive at the CPU, the load requests can be advanced in 
the instruction stream to overlap memory access time 
with other data-independent 
CPU operations. 


Load/store. 
The load and store instructions copy 


bytes, short words, words, or multiple words to or 
from memory and registers. When a load integer is 
specified for an 8-bit or 16-bit quantity, the CPU ex- 
tends the data's sign to fill 32 bits before writing the 
destination register. When a load ordinal is specified 
for an 8-bit or 16-bit quantity, the CPU attaches lead- 
ing zeros to the data to fill 32 bits before writing the 
destination register. The store instructions allow the 
destination data width to be a byte, short word, word, 
or multiple words. When a store byte, or short word is 
performed, 
the CPU automatically 
formats the data 


being written according to the data type- (integer or 
ordinal). 


Addressing modes. The architecture supports 11ad- 
dressing modes for memory operations, as summarized 
in Table 3. The addressing modes selected for support 
provide 
a broad 
range of most-often-used 
simple 


modes. We chose a rich set of addressing modes to 
allow optimization for code density as well as speed. 


Literals are immediate 5-bit numbers that can range 


from 0 to 31. Literals may be used as operands in any 
register operation. 
The Register address mode is used when an operand 


specifies a register number (gO,r5). 
The Absolute Offset address mode specifies the ab- 


solute address of the target as an offset from the cur- 
rent instruction pointer. The offset is encoded in the 
memory instruction opcode. If the offset is outside the 
range of 0 to 2048, the assembler generates a two-word 


instruction 
in which the second word is a 32-bit 


displacement. 


Register Indirect addressing allows the address of the 


target to be specified by the contents of a register. An 
immediate offset or displacement can be added to the 
register to form the effective address. An index (scaled 
by 2, 4, 8, or 16) may also be added. 


Memory operations can also specify target addresses 
relative to the instruction pointer, a capability useful in 
creating relocatable data and code. 


Atomic memory operations. 
Two atomic memory 


operations support multiprocessing environments with- 
more than one processor accessing the same memory, 
atomic add (ATADD) and atomic modify (ATMOD). 
The ATADD instruction causes an operand to be add- 
ed to the value in the specified memory location. The 
ATMOD causes bits in the specified memory location 
to be modified under control of a mask. These instruc- 
tions perform their memory-to-memory, 
read-modify- 


write operations 
with a locked bus to prevent data 


corruption. 


Control operations 
include those instructions that 


could result in the redirection of program flow. CALL, 
RET, 
BRANCH, 
and 
COMPARE_AND_ 


BRANCH instructions fall into this category. 


Procedure calls. The CALL instruction causes the 


local registers to be preserved and redirects program 
flow to a point indicated by an offset encoded in the in- 
struction. The Call Extended (CALLX) instruction dif- 


Table 3. Addressing modes. 


Mode 
Description 
Assembler 
Example 


Literal 
value 
Ox12 
Register 
register 
16 
Absolute offset 
offset 
label 
+ 3 
Register Indirect 
abase 
(16) 


Register Inarect 
abase + offset 
Label + 3 (16) 
with offset 


Register Indirect 
abase + (index' 
scale) 
(16) [r7' 
4J 
with index 


Register Inarect 
abase + (index • scale) 
with index and 
Label + 3 (16) [r7' 
4) 
displacement 
+ displacement 


Index with 


(index' 
scale) + displacement 
displacement 
Label [16 • 4J 


IPwith 
IP + displacement 
+ 8 
Label (IP) 
displacement 


inter 


1 
8~=:k 


Stack growth 


pp 
sp 
rlp 


Stack frame reserved 
for the 
active procedure 


fers in that it allows a 32-bit value to provide the CALL 
destination. The destination can either be encoded in 
the instruction or specified by a register value (for ex- 
ample, indirect call). The Call System (CALLS) in- 
struction gets its target address from a table of system 
procedure addresses explained later. The Return (RET) 
instruction returns control to the calling procedure and 
restores the local registers of the calling procedure. 
The semantics of the CALL/RET 
allow an optimi- 
zation known as register caching. A register cache 
keeps the context Oocal registers) of the most recently 
executing subroutines on chip so that CALL/RET 
in- 
structions do not have to access memory to save or 
restore the local registers. 
. 


When a CALL instruction executes, the 80960 allo- 
cates a new set of 16local registers from a pool of regis- 
ter sets for the called procedure. If the pool is depleted, 
a new register set is allocated by taking one associated 
with an earlier procedure and saving it in memory. A 
RET instruction causes the most recently cached local 
register set to be restored, 
freeing a register cache 
location. 
The register cache contributes 
to performance 
in 
four ways: 


• It significantly reduces the saving and restoring of 
registers that are usually performed 
when crossing 
subroutine boundaries. 
• Since the local register sets are mapped into the 
stack frames, the linkage information 
that normally 
appears in stack frames (pointer to previous frame, 
saved instruction pointer) is contained in the local reg- 


isters. 
Most call and 
return 
instructions 
execute 


without causing any references to off-<:hip memory. 


• It allows compilers to map most or all of a pro- 


cedure's local variables directly into registers. 


• It provides a large number of registers (16 local 
and 16 global), which can be exploited by optimizing 
compilers. 
The procedure stack (see Figure 4) reserves space for 
the cached registers of suspended procedures. When a 
register set must be flushed from the register cache to 
memory, it moves to the reserved stack frame space. 


When a new procedure is entered, the 80960 allo- 
cates space for the procedure's register set as the only 
contents of its stack frame, although no memory ac- 
cesses will occur unless the register cache is full. If the 
procedure desires more space on the stack for autovari- 
abIes or parameter passing, it adjusts the stack pointer 
to reserve as much space as it needs. The procedure can 
then access this space using stack pointer relative ad- 
dressing so long as the procedure is active. When the 
procedure returns, its stack is automatically reclaimed. 


Branch_and_Link 
(BAL) performs a procedure 


call without savina the local registers. The 80960 saves 
the return instruction pointer in a alobal register and 
redirects proaram flow. To return from a routine that 
is invoked by a BAL. a BX (Branch Extended) is per. 
formed. BAL allows fast subroutine calls to leaf pro- 
cedures without allocating (and possibly displacing) a 
new register set. Since a leaf procedure calls no other 
procedure, its registers can be allocated out of those 
remaining in the current set. 


Branching. Advanced architectures have yet to deal 


cleanly with the dreaded branch, although some ex- 
isting 
methods 
try and 
minimize 
the instruction 
pipeline breaks caused by branches and conditional 
branches. One method used by other architectures is a 
delayed branch. This method requires that a valid in- 
struction always be placed after every branch. 
The 
delayed branch mechanism exposes the pipeline to the 
programmer 
and makes it easy to write code that 


"breaks." 
Compilers also have a difficult time finding 
useful instructions to always fill the blank pipeline slots 
following a branch and insert NOPs about 30 percent 
of the time. 
Furthermore, 
in architectures 
with a 
delayed branch mechanism, microarchitectures will be 
constrained in their enhancement choices. 


The 80960 alternative to a delayed branch hides the 
pipeline and microarchitecture 
implementation 
from 
the programmer and allows transparent 
performance 
enhancements. For example, an 80960 microarchitec- 
ture that detects branches ahead of the executing code 
could fetch the branch destination to keep the pipeline 
full. In essence, "branch lookahead" 
allows branches 
to be executed in zero clock cycles. 


Branches can be unconditional or conditional. The 
Branch and Branch Extended instructions perform un- 
conditional redirection of program flow without link- 
age. Branch and Branch Extended differ in the width 
of the target address offset provided. The Branch in- 
struction includes an encoded offset in the one-word 
instruction (MEMA format), whereas Branch Extended 
branches to the location pointed to by a register or an 
encoded 32-bit displacement (MEMB format). 


The conditional branches use the condition codes in 
the arithmetic controls register to determine whether or 
not to take the branch. The 80960 provides all combi- 
nations of branch conditions. 
Branch lookahead 
works well with unconditional 
branches but would be of marginal benefit on condi- 
tional branches since the branch target, or the instruc- 
tion after the branch, cannot be executed until after 
evaluation of the branch condition. 
Pipeline breaks 
would, therefore, 
be inevitable even if the micro- 
architecture implemented some sort of hardware predic- 
tion mechanism. To reduce the effect of the conditional 
branch on performance, the 80960 defines two types of 
conditional branches, those that are usually taken and 
those that aren't usually taken. The implementation can 
then guess which way the branch is going to go, based 
upon an excellent resource capable of prediction-the 
programmer. Only in the case of a programmer's wrong 
prediction would a pipeline stall occur. Furthermore, 
compilers will take advantage of branch prediction 
when they detect loops. 
It is either obvious, or uncertain, at the time the pro- 
gram is written which way the branches will branch 
most often during execution. If the likely branch out- 
come is obvious, the type of branch to use will be 
obvious. In the cases where runtime factors determine 


the branch path, the branch types can be selected to 
reduce the time through the longest path or to reduce 
the average path time. 


Compare and branch. The compare and branch in- 


structions support 
integers and ordinals. 
The CPU 


compares 
two operands; 
the result determines 
the 


branch taken. This frequently used operation is one in- 
struction 
that increases performance 
and improves 


code density. The 80960 provides all combinations of 
branch conditions, 
in addition 
to branch-on-bit 
in- 


structions. 


As processors increase in speed, the traffic between 


processor and memory becomes a significant perfor- 
mance bottleneck. 
To effectively reduce this bottle- 


neck, we incorporated an instruction cache within the 
processor. 


An on-chip instruction cache is highly desirable for 


two reasons. 
Caching 
instructions 
on chip greatly 


reduces system bus loading and the criticality of the 
system's memory access speed in a parallel execution 
environment. However, an instruction cache plays an 
additional role. The only way to cause multiple instruc- 
tions to execute simultaneously is to decode multiple 
instructions 
simultaneously. 
An on-chip instruction 


cache gives instruction decode the capability of looking 
downstream and decoding and dispatching multiple in- 
structions simultaneously for parallel execution. 


The advantage of an instruction cache over a pre- 


fetch queue, a technique used in most high-perfor- 
mance microprocessors to date, is that a queue does 
not reduce the memory traffic for instructions. It only 
attempts to distribute the traffic more efficiently. A 
cache's 
most obvious effect occurs with execution 


loops, common 
in embedded 
control 
applications. 


After a loop is first executed, successive iterations of 
the loop generate no memory references for instruction 
fetches. Likewise, when a small, low-level procedure 
concludes and executes a RET instruction, the code for 
the high-level routine to which it is returning likely still 
resides in the cache. Thus, we reduce the sensitivity of 
instruction execution speed to slow memory and free 
valuable bus bandwidth for other operations. 


Having an instruction cache requires special consid- 


erations in applications 
that employ self-modifying 


code or uploadable programs. 
In general, embedded 


applications are unaffected. However, for 80960 chips 
targeted at embedded applications 
in which volatile 


code exists, we will provide implementation-specific 
cache features. For example, implementations 
could 


provide a bus input pin that prohibits the data being 
read from being cached, a method for flushing the 
cache, a transparent instruction cache, a cache disable 
bit, or some other fea'ture tuned to the application. 


inter 


To allow implementations 
of the 80960 latitude in 
the amount and type of cache provided, the architecture 
does not specify the instruction cache parameterization. 


User-supervisor protection 


The architecture provides a mode and stack switch- 
ing mechanism called the user-supervisor protection 
model. This protection model allows a system design in 
which the kernel code and data reside in the same ad- 
dress space as the user code and data. However, the 
access to the kernel procedures (called supervisor pro- 
cedures) occurs through a specified interface. A data 
structure called the System Procedure Table provides 
this interface (Figure 5). 
The 80960 references the System Procedure Table 
when a System Call (CALLS) instruction 
executes. 
This call is similar to a local call, except that the pro- 
cessor gets the location of the called procedure from 
the System Procedure Table. Figure 6 illustrates the use 
of the CALLS instruction. CALLS requires a proce- 
dure-number operand that is used as an index into the 
table. 


The System Procedure 
Table entry referenced by 
CALLS specifies an entry pointer and an entry type for 
the called procedure. The 80960 invokes two types of 
system procedures, local and supervisor. A procedure 
that is specified as a local procedure is invoked as if it 
were called by the CALL or CALLX instructions, ex- 
cept that the processor gets the entry point of the called 
procedure from the System Procedure Table. Refer- 
encing a supervisor procedure, 
on the other hand, 
switches the processor 
to the supervisor 
execution 
mode and to the supervisor stack. 
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Figure 5. Structure 
of the System Procedure 
Table (a) and a pro- 


cedure entry (bl. 


Real-time kernel procedures in the supervisor mode 


execute using a different stack than the one used to 
execute application 
programs 
procedures. 
Special, 


supervisor-only instructions also execute in supervisor 
mode. The MODPC instruction (used to change the 
processor priority) is always a supervisor instruction. 
Instruction set extensions that control on-chip hard- 
ware are also likely to be restricted to the supervisor 
mode. 


The System Procedure Table entry 
contains the instruction pointer to the 
called procedure. 


The calling procedure issues 
a system call instruction (CALLS). 
which contains an index that selects 
a System Procedure Table entry. 
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The processor remains in the supervisor mode until 
the procedure that caused the original mode switch per- 
forms a return. Switching stacks and protecting against 
stack corruption 
help maintain 
the integrity of the 
kernel. For example, the mechanism allows access to 
system debugging software or a system monitor even if 
the application crashes. 


The 80960 contains a priority interrupt model and a 
mechanism 
for queueing pending interrupt 
requests 
without user program intervention. When an interrupt 
is signaled and its priority is higher than the current 
processor 
priority, 
the CPU 
invokes an interrupt 
handler and the processor priority changes to that of 
the interrupt. Otherwise, the 80960 saves the interrupt 
for service until it becomes the highest priority request 
pending. 


The interrupt table seen in Figure 7 holds the 32-bit 
pending priorities field, the 2'6-bit pending interrupt 
field, and the 248 interrupt vectors. Within each pro- 
cessor priority the 80960 contains eight vectors, eight 
associated pending interrupt 
bits, and one pending 
priority bit. The pending priorities field indicates the 
priorities at which pending interrupts await. The pen- 
ding interrupt field indicates exactly which requested 
interrupts have not yet been serviced. 
A pending priority bit is simply the OR of all eight 
pending interrupt bits at a particular priority. This field 
optimizes checking for pending interrupts by the pro- 
cessor. When an interrupt request will not be serviced 


immediately, the 80960 sets the bit in the pending inter- 
rupt field associated with the request. It also sets the 
pending priorities bit associated with the priority of the 
request. When the running priority of the processor 
drops below that of the pending interrupt, the 80960 
services the interrupt and clears the associated pending 
bit. The CPU also clears the associated pending priori- 
ty bit if appropriate. 


Processors use fault mechanisms to handle excep- 


tions or errant conditions that a program mayor may 
not be capable of correcting. We defined the 80960's 
fault mechanism for 1m environment in which parallel 
or out-of-order 
execution occurs. When a fault is 


generated, 
the processor calls the appropriate 
fault 


handler. The 80960 automatically provides the handler 
with an extensive set of information about the faulting 
condition for correction or analysis. 


It is possible that when a fault is detected not enough 


information would exist to determine the exact instruc- 
tion that faulted. For example, when multiple instruc- 
tions execute in one clock cycle, multiple faults could 
occur ina single clock cycle.This"imprecise" 
condition 


could generate a fault that we call imprecise. A tightly 
coupled fault handler may be able to recover proper 
program 
execution when an imprecise fault occurs. 


Precise faults are those from which recovery is easy. 


The 80960 provides two controls over the generation 


of imprecise conditions and faults. The first fault con- 
trol method, a global control bit, puts the processor in 
a mode where no imprecise conditions are created (No 
Imprecise Faults, or NIF mode). In this mode, the 
80960 restricts parallel execution. All faults are precise. 
The NIF bit can be used to create a critical region in 
which all faults are precise. The second fault control 
mechanism is the Synchronize_Faults 
(SYNCF) in- 


struction. 
This instruction 
halts execution until all 


pending operations complete, and all faults up to that 
point have been signaled. It is useful on Ada block 
boundaries where different blocks can have different 
fault handlers. 


An 80960 implementation detects various conditions 


in code or in its internal state (called fault conditions) 
that could cause the processor to deliver incorrect or in- 
appropriate 
results, or that could cause it to take an 


undesirable control path. For example, the 80960 can 
recognize (if enabled by the user) divide-by-zero and 
overflow conditions on integer calculations as a fault. 
The architecture also recognizes inappropriate operand 
values and attempts 
to execute unimplemented 
op- 


codes, among other conditions, as faults. 
When a fault is detected, the system processes it im- 


mediately and independently of the program or han- 
dler that is executing aJ the time. The fault mechanism 
is similar to that used by the interrupts. Several fault 


"l.J~;) 
1l\;}U;)L, 
IU 
WIII\,;11 UIC 
lctUU 
lype 
DeI-ermines 
WDlcn 


entry in the Fault Table (Figure 8) is invoked for a par- 
ticular fault. The Fault Table contains one entry for 
each fault type. The entry defines a particular fault 
handler routine as a local procedure or a system pro- 
cedure. When the fault handler is a local procedure, the 
Fault Table entry contains the address of the procedure 
entry point. When the fault handler is a system pro- 
cedure, the Fault Table entry contains the system pro- 
cedure number, which selects the correct entry point 
from the System Procedure Table described earlier. 
Figure 9 describes the fault record, which is the in- 


formation provided to a fault handler when a fault oc- 
curs. Table 4 on page 76 summarizes the fault types 


ana SUOtypestnat are currently C1etmed10 the 80960 ar- 
chitecture. As extensions to the architecture that con- 
sume additional fault types become available, the en- 
coding of fault types and subtypes will occur in such a 
way that every implementation capable of recognizing 
similar faulting conditions encodes them identically. 
For example, the 80960KB adds the floating-point 
faults (fault type 4). Any other 80960 implementations 
that also recognize floating-point 
faults also encode 


them as fault type 4. 


Debug support 


Another objective of the architecture is to support 


software debugging and tracing. A trace-controls regis- 
ter enables most of this support. The trace controls 
detect any combination of the following'events: 


• Instruction execution (single step), 
• Execution of a Taken Branch instruction, 
• Execution of a Call instruction, 
• Execution of a Return instruction, 
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Table 4. Fault types and subtypes. 


Fault type 
Fault Subtypes 
Comments 


Arithmetic 
Overflow, underflow 
Integer overflowsl divide by zero 
Constraint 
Range 
If FAULT IF taken 
Protection 
length 
Procedure' 
in CAllS 
out of range 
Machine 
Bad access 
Memory access failed to complete 
Type 
Mismatch 
Tried to execute supervisor instruction 
in nonsupervisormode 
Operation 
Invalid opcode, 
Tried to execute invalid opcode, or 
Invalid operand 
an operand in a valid opcode 
was invalid 
Trace 
Instruction, branch, call, retum, 
Trace event occurred 
prereturn, supervisor, breakpoint 


• Detection that the next instruction 
is a Return 
instruction, 
• Execution of a supervisor or system call, and 
• Breakpoint (hardware breakpoint or execution of 
a breakpoint instruction). 


When 
a trace 
event 
is detected, 
the processor 
generates a trace fault to give control to a software 
debugger or monitor. Since all 80960 implementations 
are likely to have an on-chip cache, external hardware 
cannot trace the flow of instruction execution by moni- 
toring the external bus. Therefore, to trace instruction 
execution, a debugger could enable the BRANCH, 
CALL, 
and 
RET trace faults and reconstruct 
the 
instruction-by-instruction 
flow of a program. 
This 
method, however, wilI not provide transparent, or real- 
time tracing. When noninv~ive emulation is desirable, 
the user should employ an in-circuit emulator. 


T 


he 80960, an extensible embedded control ar- 
chitecture, 
maximizes computational 
and data 
processing speed through parallel execution. The 
first implementation 
of the architecture 
(80960KB) 
achieves single-clock execution of instructions, while 
fractional clock instruction rates are architecturally un- 
hindered and willbe available in future implementations. 


Too many people contributed to the 80960 effort to 
list them here. However, I relied upon the following, 
either in person or through their writings, in developing 
this article: Dave-Budde, 
Glen Hinton, 
Mike Ime!, 
Konrad Lai, Glenford J. Myers, Lew Pacely, Fred 
Pollack, Rob Riches, Frank Smith, and Randy Steck. 
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Digital circuits are often thought of as being immune to 
noise problems, but really they're not. Noises in digital 
systems produce software upsets: program jumps to ap- 
parently random locations in memory. Noise-induced 
glitches in the signal lines can cause such problems, but 
the supply voltage is more sensitive to glitches than the 
signal lines. 


Severe noise conditions, those involving electrostatic 
discharges, or as found in automotive environments, 
can do permanent damage to the hardware. Electrostat- 
ic discharges can blow a crater in the silicon. In the 
automotive 
environment, 
in ordinary 
operation, 
the 


"12V" power line can shown + and -400V transients. 


This Application Note describes some electrical noises 
and noise environments. Design considerations, along 
the lines of PCB layout, power supply distribution and 
decoupling, and shielding and grounding techniques, 
that may help minimize noise susceptibility are re- 
viewed. Special attention is given to the automotive and 
ESD environments. 


Noise problems are not usually encountered during the 
development phase of a microcontroller system. This is 
because benches rarely simulate the system's intended 
environment. Noise problems tend not to show up until 
the system is installed and operating in its intended en- 
vironment. Then, after a few minutes or hours of nor- 
mal operation the system finds itself someplace out in 
left field. Inputs are ignored and outputs are gibberish. 
The system may respond to a reset, or it may have to be 
turned off physically and then back on again, at which 
point it commences operating as though nothing had 
happened. There may be an obvious cause, such as an 
electrostatic discharge from somebody's finger to a key- 
board or the upset occurs every time a copier machine 
is turned on or off. Or there may be no obvious cause, 
and nothing the operator can do will make the upset 
repeat itself. But a few minutes, or a few hours, or a few 
days later it happens again. 


One symptom of electrical noise problems is random- 
ness, both in the occurrence of the problem and in what 
the system does in its failure. All operational upsets 
that occur at seemingly random intervals are not neces- 
sarily caused by noise in the system. Marginal VCC, 
inadequate 
decoupling, 
rarely encountered 
software 


conditions, or timing coincidences can produce upsets 
that seem to occur randomly. On the other hand, some 
noise sources can produce upsets downright periodical- 
ly. Nevertheless, the more difficult it is to characterize 
an upset as to cause and effect, the more likely it is to 
be a noise problem. 


The name given to electrical noises other than those 
that are inherent in the circuit components (such as 
thermal noise) is EMI: electromagnetic 
interference. 


Motors, power switches, fluorescent lights, electrostatic 
discharges, etc., are sources of EMI. There is a veritable 
alphabet soup of EMI types, and these are briefly de- 
scribed below. 


Anything that switches heavy current loads onto or off 
of AC or DC power lines will cause large transients in 
these power lines. Switching an electric typewriter on 
or off, for example, can put a lOOOVspike onto the AC 
power lines. 


The basic mechanism behind supply line transients is 
shown in Figure I. The battery represents any power 
source, AC or DC. The coils represent the line induc- 
tance between the power source and the switchable 
loads RI and R2. If both loads are drawing current, the 
line current flowing through the line inductance estab- 
lishes a magnetic field of some value. Then, when one 
of the loads is switched off, the field due to that compo- 
nent of the line current collapses, generating transient 
voltages, v = L(dildt), which try to maintain the cur- 
rent at its original level. That's called an "inductive 
kick." Because of contact bounce, transients are gener- 
ated whether the switch is being opened or closed, but 
they're worse when the switch is being opened. 


An inductive kick of one type or another is involved in 
most line transients, including those found in the auto- 
motive environment. Other mechanisms for line tran- 
sients exist, involving noise pickup on the lines. The 
noise voltages are then conducted to a susceptible cir- 
cuit right along with the power. 


Anything that produces arcs or sparks will radiate elec- 
tromagnetic pulses (EMP) or radio-frequency interfer- 
ence (RFI). 
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Spark discharges have probably caused more software 
upsets in digital equipment than any other single noise 
source. The upsetting mechanism is the EMP produced 
by the spark. The EMP induces transients in the cir- 
cuit, which are what actually cause the upset. 


Arcs and sparks occur in automotive ignition systems, 
electric motors, switches, static discharges, etc. Electric 
motors that have commutator bars produce an arc as 
the brushes pass from one bar to the next. DC motors 
and the "universal" (ACIDe) 
motors that are used to 
power hand tools are the kinds that have commutator 
bars. In switches, the same inductive kick that puts 
transients on the supply lines will cause an opening or 
closing switch to throw a spark. 


Electrostatic discharge (ESD) is the spark that occurs 
when a person picks up a static charge from walking 
across a carpet, and then discharges it into a keyboard, 
or whatever else can be touched. Walking across a car- 
pet in a dry climate, a person can accumulate a static 
voltage of 35kV. The current pulse from an electrostat- 
ic discharge has an extremely fast risetime - 
typically, 
4A/ns. Figure 2 shows ESD waveforms that have been 
observed by some investigators of ESD phenomena. 


It is enlightening to calculate the L(dildt) voltage re- 
quired to drive an ESD current pulse through a couple 
of inches of straight wire. Two inches of straight wire 
has about 50 nH of inductance. That's not very much, 
but using 50 nH for Land 
4A/ns for dildt gives an 
L(dildt) 
drop of about 200V. Recent observations by 
W.M. King suggest even faster risetimes (Figure 2b) 
and the occurrence of multiple discharges during a sin- 
gle discharge event. 


Obviously, ESD-sensitivity needs to be considered in 
the design of equipment that is going to be subjected to 
it, such as office equipment. 


Currents in ground lines are another source of noise. 
These can be 60 Hz currents from the power lines, or 
RF hash, or crosstalk from other signals that are shar- 
ing this particular wire as a signal return line. Noise in 
the ground lines is often referred to as a "ground loop" 
problem. The basic concept of the ground loop is 
shown 
in 
Figure 
3. 
The 
problem 
is 
that 
true 
earth-ground is not really at the same potential in all 
locations. If the two ends of a wire are earth-grounded 
at different locations, the voltage difference between the 
two "ground" points can drive significant currents (sev- 
eral amperes) through the wire. Consider the wire to be 
part of a loop which contains, in addition to the wire, a 
voltage source that represents the difference in poten- 
tial between the two ground points, and you have 


the classical "ground loop." By extension, the term is 
used to refer to any unwanted (and often unexpected) 
currents in a ground line. 


Radiated noise is noise that arrives at the victim circuit 
in the form of electromagnetic radiation, such as EMP' 
and RFI. It causes trouble by inducing extraneous volt- 
ages in the circuit. Conducted noise is noise that arrives 
at the victim circuit already in the form of an extrane- 
ous voltage, typically via the AC or DC power lines. 


One defends against radiated noise by care in designing 
layouts and the use of effective shielding techniques. 
One defends against conducted noise with filters and 
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suppressors, 
although 
layouts 
and grounding 
tech- 
niques are important here, too. 


Addressing noise problems after the design of a system 
has been completed is an expensive proposition. The ill 
will generated by failures in the field is not cheap either. 
It's cheaper in the long run to invest a little time and 
money in learning about noise and noise simulation 
equipment, so that controlled tests can be made on the 
bench as the design is developing. 


Simulating the intended noise environment is a two- 
step process: First you have to recognize what the noise 
environment is, that is, you have to know what kinds of 
electrical noises are present, and which of them are go- 
ing to cause trouble. Don't ignore this first step, be- 
cause it's important. If you invest in an induction coil 
spark generator just because your application is auto- 
motive, you'll be straining at the gnat and swallowing 
the camel. Spark plug noise is the least of your worries 
in that environment. 


The second step is to generate the electrical noise in a 
controlled manner. This is usually more difficult than 
first imagined; one first imagines the simulation in 
terms of a waveform generator and a few spare parts, 
and then finds that a wideband power amplifier with a 
200V dynamic range is also required. A good source of 
information 
on who supplies what noise-simulating 
equipment is the 1981 "ITEM" 
Directory and Design 
Guide (Reference 6). 


Types of Failures and Failure 
Mechanisms 


A major problem that EMI can cause in digital systems 
is intermittent operational malfunction. These software 
upsets occur when the system is in operation at the time 
an EMI source is activated, and are usually character- 
ized by a loss of information or a jump in the execution 


of the program to some random location in memory. 
The person who has to iron out such problems is tempt- 
ed to say the program counter went crazy. There is 
usually no damage to the hardware, and normal opera- 
tion can resume as soon as the EMI has passed or the 
source is de-activated. Resuming normal operation usu- 
ally requires manual or automatic reset, and possibly 
re-entering of lost information. 


Electrostatic discharges from operating personnel can 
cause not only software upsets, but also permanent 
("hard") damage to the system. For this to happen the 
system doesn't even have to be in operation. Sometimes 
the permanent damagl: is latent, meaning the initial 
damage may be marginal and require further aggrava- 
tion through operating stress and time before perma- 
nent failure takes plaCe. Sometimes too the damage is 
hidden. 


One ESD-related failure mechanism that has been iden- 
tified has to do with the bias voltage on the substrate of 
the chip. On some CPU chips the substrate is held at 
- 2.5V by a phase-shift oscillator working into a capac- 
itor/diode 
clamping circuit. This is called a "charge 


pump" in chip-design circles. If the substrate wanders 
too far in either direction, program read errors are not- 
ed. Some designs have been known to allow electrostat- 
ic discharge currents to flow directly into port pins of 
an 8048. The resulting damage to the oxide causes an 
increase in leakage current, 
which loads down the 


charge pump, reducing the substrate voltage to a mar- 
ginal or unacceptable level. The system is then unreli- 
able or completely inoperative until the CPU chip is 
replaced. But if the CPU chip was subjected to a dis- 
charge spark once, it will eventually happen again. 


Chips that have a grounded substrate, such as the 8748, 
can sometimes sustain some oxide damage without ac- 
tually becoming inoperative. In this case the damage is 
present, and the increased leakage current is noted; 
however, since the substrate voltage retains its design 
value, the damage is largely hidden. 


Figure 3. What a Ground 
Loop Is 
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It must therefore be recognized that connecting port 
pins unprotected to a keyboard or to anything else that 
is subject to electrostatic discharges, makes an extreme- 
ly dangerous configuration. It doesn't make any differ- 
ence what CPU chip is being used, or who makes it. If 
it connects unprotected to a keyboard, it will eventually 
be destroyed. Designing for an ESD-environment will 
be discussed further on. 


We might note here that MOS chips are not the only 
components that are susceptible to permanent 
ESD 
damage. Bipolar and linear chips can also be damaged 
in this way. PN junctions are subject to a hard failure 
mechanism called thermal secondary breakdown, in 
which a current spike, such as from an electrostatic 
discharge, causes microscopically localized spots in the 
junction to approach melt temperatures. 
Low power 
TIL 
chips are subject to this type of damage, as are 
op-amps. Op-amps, in addition, often carry on-chip 
MOS capacitors which are directly across an external 
pin combination, and these are susceptible to dielectric 
breakdown. 


We return now to the subject of software upsets. Noise 
transients can upset the chip through any pin, even an 
output pin, because every pin on the chip connects to 
the substrate through a pnjunction. 
However, the most 
vulnerable pin is probably the VCC line, since it has 
direct access to all parts of the chip: every register, gate, 
flip-flop and buffer. 


The 
menu 
of possible upset 
mechanisms 
is quite 
lengthy. A transient on the substrate at the wrong time 
will generally cause a program read error. A false level 
at a control input can cause an extraneous or misdirect- 
ed opcode fetch. A disturbance on the supply line can 
flip a bit in the program counter or instruction register. 
A short interruption or reversal of polarity on the sup- 
ply line can actually turn the processor off, but not long 
enough for the power-up reset capacitor to discharge. 
Thus when the transient ends, the chip starts up again 
without a reset. 


A common failure mode is for the processor to lock 
itself into a tight loop. Here it may be executing the 
data in a table, or the program counter may have 
jumped a notch, so that the processor is now executing 
operands instead of opcodes, or it may be trying to 
fetch opcodes from a nonexistent external program 
memory. 


It should be emphasized that mechanisms for upsets 
have to do with the arrival of noise-induced transients 
at the pins of the chips, rather than with the generation 
of noise pulses within the chip itself, that is, it's not the 
chip that is picking up noise, it's the circuit. 


Prevention is usually cheaper than suppression, so first 
we'll consider some preventive methods that might help 


to minimize the generation of noise voltages in the cir- 
cuit. These methods involve grounding, shielding, and 
wiring techniques that are directed toward the mecha- 
nisms by which noise voltages are generated in the cir- 
cuit. We'll also discuss methods of decoupling. Then 
we'll look at some schemes for making a graceful recov- 
ery from upsets that occur in spite of preventive mea- 
sures. Lastly, we'll take another look at two special 
problem areas: electrostatic discharges and the automo- 
tive environment. 


The first thing most people learn about electricity is 
that current won't flow unless it can flow in a closed 
loop. This simple fact is sometimes temporarily forgot- 
ten by the overworked engineer who has spent the past 
several years mastering the intricacies of the DO loop, 
the timing loop, the feedback loop, and maybe even the 
ground loop. The simple current loop probably owes its 
apparent demise to the invention of the ground symbol. 
By a stroke of the pen one avoids having to draw the 
return paths of most of the current loops in the circuit. 
Then "ground" turns into an infmite current sink, so 
that any current that flows into it is gone and forgotten. 
Forgotten it may be, but it's not gone. It must return to 
its source, so that its path will by all the laws of nature 
form a closed loop. 


The physical geometry of a given current loop is the 
key to why it generates EMI, why it's susceptible to 
EMI, and how to shield it. Specifically, it's the area of 
the loop that matters. 


Any flow of current generates a magnetic field whose 
intensity varies inversely to the distance from the wire 
that carries the c!1rrent. Two parallel wires conducting 
currents + I and - I (as in signal feed and return lines) 
would generate a nonzero magnetic field near the wires, 
where the distance from a given point to one wire is 
noticeably different from the distance to the other wire, 
but farther away (relative to the wire spacing), where 
the distances from a given point to either wire are about 
the same, the fields from both wires tend to cancel out. 
Thus, maintaining proximity between feed and return 
paths is an important way to minimize their interfer- 
ence with other signals. The way to maintain their 
proximity is essentially to minimize their loop area. 
And, because the mutual inductance from current loop 
A to current loop B is the same as the mutual induc- 
tance from current loop B to current loop A, a circuit 
that doesn't radiate interference doesn't receive it ei- 
ther. 


Thus, from the standpoint of reducing both generation 
of EMI and susceptibility to EMI, the hard rule is to 
keep loop areas small. To say that loop areas should be 
minimized is the same as saying the circuit inductance 
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should be minimized. Inductance is by definition the 
constant of proportionality 
between current and the 
magnetic field it produces: 4> = LI. Holding the feed 
and return wires close together so as to promote field 
cancellation can be described either as minimizing the 
loop area or as minimizing L. It's the same thing. 


There are three basic kinds of shields: shielding against 
capacitive coupling, shielding against inductive cou- 
pling, and RF shielding. Capacitive coupling is electric 
field coupling, so shielding against it amounts to shield- 
ing against electric fields. As will be seen, this is rela- 
tively easy. Inductive coupling is magnetic field cou- 
pling, so shielding against it is shielding against mag- 
netic fields. This is a little more difficult. Strangely 
enough, this type of shielding does not in general in- 
volve the use of magnetic materials. RF shielding, the 
classical "metallic barrier" against all sorts of electro- 
magnetic fields, is what most people picture when they 
think about shielding. Its effectiveness depends partly 
on the selection of the shielding material, but mostly, as 
it turns out, on the treatment of its seams and the ge- 
ometry of its openings. 


Capacitive coupling involves the passage of interfering 
signals through mutual or stray capacitances that aren't 
shown on the circuit diagram, but which the experi- 
enced engineer knows are there. Capacitive coupling to 
one's body is what would cause an unstable oscillator to 
change its frequency when the person reaches his hand 
over the circuit, for example. More importantly, in a 
digital system it causes crosstalk in multi-wire cables. 


The way to block capacitive coupling is to enclose the 
circuit or conductor you want to protect in a metal 
shield. That's called an electrostatic or Faraday shield. 
If coverage is 100%, the shield does not have to be 
grounded, but it usually is, to ensure that circuit-to- 
shield capacitances go to signal reference ground rather 
than act as feedback and crosstalk elements. Besides, 
from a mechanical point of view, grounding it is almost 
inevitable. 


A grounded Faraday shield can be used to break capac- 
itive coupling between a noisy circuit and a victim cir- 
cuit, as shown in Figure 4. Figure 4a shows two circuits 
capacitively coupled through the stray capacitance be- 
tween them. In Figure 4b the stray capacitance is inter- 
cepted by a grounded Faraday shield, so that interfer- 
ence currents are shunted to ground. For example, a 
grounded plane can be inserted between PCBs (printed 
circuit boards) to eliminate most of the capacitive cou- 
pling between them. 


Another application of the Faraday shield is in the elec- 
trostatically shielded transformer. Here, a conducting 
foil is laid between the primary and secondary coils so 
as to intercept the capacitive coupling between them. If 
a system is being upset by AC line transients, this type 
of transformer may provide the fix. To be effective in 
this application, the shield must be connected to the 
greenwire ground. 


With inductive coupling, the physical mechanism in- 
volved is a magnetic flux density B from some external 
interference source that links with a current loop in the 
victim circuit, and generates a voltage in the loop in 
accordance with Lenz's law: v = - NA(dB/dt), 
where 
in this case N = I and A is the area of the current loop 
in the victim circuit. 


There are two aspects to defending a circuit against 
inductive pickup. One aspect is to try to minimize the 
offensive fields at their source. This is done by minimiz- 
ing the area of the current loop at the source so as to 
promote field cancellation, as described in the section 
on current loops. The other aspect is to minimize the 
inductive pickup in the victim circuit by minimizing the 
area of that current loop, since, from Lenz's law, the 
induced voltage is proportional to this area. So the two 
aspects really involve the same corrective action: mini- 
mize the areas of the current loops. In other words, 
minimizing the offensiveness of a circuit inherently 
minimizes its susceptibility. 
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(b) Electrostatic 
Shielding 


Figure 4. Use of Faraday 
Shield 
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Shielding against inductive coupling means nothing 
more nor less than controlling the dimensions of the 
current loops in the circuit. We must look at four ex- 
amples of this type of "shielding": the coaxial cable, the 
twisted pair, the ground plane, and the gridded-ground 
PCB layout. 


The Coaxial Cable-Figure 
5 shows a coaxial cable 


carrying a current I from a signal source to a receiving 
load. The shield carries the same current as the center 
conductor. Outside the shield, the magnetic field pro- 
duced by + I flowing in the center conductor is can- 
celled by the field produced by - I flowing in the 
shield. To the extent that the cable is ideal in producing 
zero external magnetic field, it is immune to inductive 
pickup from external sources. The cable adds effective- 
ly zero area to the loop. This is true only if the shield 
carries the same current as the center conductor. 


In the real world, both the signal source and the receiv- 
ing load are likely to have one end connected to a com- 
mon signal ground. In that case, should the cable be 
grounded at one end, both ends, or neither end? The 
answer is that it should be grounded at both ends. Fig- 
ure 6a shows the situation when the cable shield is 
grounded at only one end. In that case the current loop 
runs down the center conductor of the cable, then back 
through the common ground connection. The loop area 
is not well defined. The shield not only does not carry 
the same current as the center conductor, but it doesn't 
carry any current at all. There is no field cancellation at 
all. The shield has no effect whatsoever on either the 
generation of EMI or susceptibility to EMI. (It is, how- 
ever, still effective as an electrostatic shield, or at least 
it would be if the shield coverage were 100%.) 


Figure 6b shows the situation when the cable is ground- 
ed at both ends. Does the shield carryall 
of the return 


current, or only a portion of it on account of the shunt- 
ing effect of the common ground connection? The an- 
swer to that question depends on the frequency content 
of the signal. In general, the current loop will follow the 
path of least impedance. At low frequencies, 0 Hz to 
several kHz, where the inductive reactance is insignifi- 
cant, the current will follow the path of least resistance. 
Above a few kHz, where inductive reactance predomi- 
n;ltes, the current will follow the path of least induc- 
tance. The path of least inductance 
is the path of 
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(b) Two Return Paths 


Figure 6. Use of Coaxial Cable 


minimum loop area. Hence, for higher frequencies the 
shield carries virtually the same current as the center 
conductor, and is therefore effective against both gener- 
ation and reception of EMI. 


Note that we have now introduced the famous "ground 
loop" problem, as shown in Figure 7a. Fortunately, a 
digital system has some built-in immunity to moderate 
ground loop noise. In a noisy environment, however, 
one can break the ground loop, and still maintain the 
shielding effectiveness of the coaxial cable, by inserting 
an optical coupler, as shown in Figure 7b. What the 
optical coupler does, basically, is allow us to re-define 
the signal source as being ungrounded, so that that end 
of the cable need not be grounded, and still lets the 
shield carry the same current as the center conductor. 
Obviously, if the signal source weren't grounded in the 
first place, the optical coupler wouldn't be needed: 


The Twisted Pair-A 
cheaper way to minimize loop 


area is to run the feed and return wires right next to 
each other. This isn't as effective as a coaxial cable in 
minimizing loop area. An ideal coaxial cable adds zero 
area to the loop, whereas merely keeping the feed and 
return wires next to each other is bound to add a finite 
area. 


However, two things work to make this cheaper meth- 
od almost as good as a coaxial cable. First, real coaxial 
cables are not ideal. If the shield current isn't evenly 
distributed around the center conductor at every cross- 
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(b) Breaking 
the Ground 
Loop 


Figure 7. Use of Optical Coupler 


section of the cable (it isn't), then field cancellation ex- 
ternal to the shield is incomplete. If field cancellation is 
incomplete, then the effective area added to the loop by 
the cable isn't zero. Second, in the cheaper method the 
feed and return wires can be twisted together. This not 
only maintains their proximity, but the noise picked up 
in one twist tends to cancel out the noise picked up in 
the next twist down the line. Thus the "twisted pair" 
turns out to be about as good a shield against inductive 
coupling as coaxial cable is. 


The twisted pair does not, however, provide electrostat- 
ic shielding (i.e., shielding against capacitive coupling). 
Another operational difference between them is that 
the coaxial cable works better at higher frequencies. 
This is primarily because the twisted pair adds more 
capacitive loading to the signal source than the coaxial 
cable does. The twisted pair is normally considered use- 
ful up to only about I MHz, as opposed to near a GHz 
for the coaxial cable. 


The Ground Plane--The 
best way to minimize loop 


areas when many current loops are involved is to use a 
ground plane. A ground plane is a conducting surface 
that is to serve as a return conductor for all the current 
loops in the circuit. Normally, it would be one or more 
layers of a multilayer PCB. All ground points in the 
circuit go not to a grounded trace on the PCB, but 
directly to the ground plane. This leaves each current 
loop in the circuit free to complete itself in whatever 
configuration yields minimum loop area (for frequen- 
cies wherein the ground path impedance is primarily 
inductive). 


Thus, if the feed path for a given signal zigzags its way 
across the PCB, the return path for this signal is free to 
zigzag right along beneath it on the ground plane, in 
such a configuration as to minimize the energy stored 
in the magnetic field produced by this current loop. 
Minimal magnetic flux means minimal effective loop 
area and minimal susceptibility to inductive coupling. 


The Gridded-Ground 
If>CB 
Layout-The 
next best 


thing to a ground plane is to layout the ground traces 
on a PCB in the form of a grid structure, as shown in 
Figure 8. Laying horizontal traces on one side of the 
board and vertical traces on the other side allows the 
passage of signal and power traces. Wherever vertical 
and horizontal ground traces cross, they must be con- 
nected by a feed-through. 


Have we not created here a network of "ground loops"? 
Yes, in the literal sense of the word, but loops in the 
ground layout on a PCB are not to be feared. Such 
inoffensive little loops have never caused as much noise 
pickup as their avoidance has. Trying to avoid innocent 
little loops in the ground layout, PCB designers have 
forced current loops into geometries that could swallow 
a whale. That is exactly the wrong thing to do. 


The gridded ground structure works almost as well as 
the ground plane, as far as minimizing loop area is con- 
cerned. For a given current loop, the primary return 
path may have to zig once in a while where its feed path 
zags, but you still get a mathematically optimal dis- 
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tribution of currents in the grid structure, such that the 
current loop produces less magnetic flux than if the 
return path were restrained to follow any single given 
ground trace. The key to attaining minimum loop areas 
for all the current loops together is to let the ground 
currents distribute themselves around the entire area of 
the board as freely as possible. They want to minimize 
their own magnetic field. Just let them. 


A time-varying electric field generates a time-varying 
magnetic field, and vice versa. Fat from the source of a 
time-varying EM field, the ratio of the amplitudes of 
the electric and magnetic fields is always 377ft Up 
close to the source of the fields, however, this ratio can 
be quite different, and dependent on the nature of the 
source. Where the ratio is near 3770 is called the far 
field, and where the ratio is significantly different from 
3770 is called the near field. The ratio itself is called 
the wave impedance, EIH. 


The near field goes out about 1/6 of a wavelength from 
the source. At 1 MHz this is about 150 feet, and at 10 
MHz it's about 15 feet. That means if an EMI source is 
in the same room with the victim circuit, it's likely to 
be a near field problem. The reason this matters is that 
in the near field an RF interference problem could be 
almost entirely due to E-field coupling or H-field cou- 
pling, and that could influence the choice of an RF 
shield or whether an RF shield will help at all. 


In the near field of a whip antenna, the EIH ratio is 
higher than 3770, which means it's mainly an E-field 
generator. A wire-wrap post can be a whip antenna. 
Interference from a whip antenna would be by electric 
field coupling, which is basically capacitive coupling. 
Methods to protect a circuit from capacitive coupling, 
such 
as 
a 
Faraday 
shield, 
would 
be 
effective 


against RF interference from a whip antenna. A grid- 
ded-ground structure would be less effective. 


In the near field of a loop antenna, the EIH ratio is 
lower than 3770, which means it's mainly an H-field 
generator. Any current loop is a loop antenna. Interfer- 
ence from a loop antenna would be by magnetic field 
coupling, which is basically the same as inductive cou- 
pling. Methods to protect a circuit from inductive cou- 
pling, such as a gridded-ground structure, would be ef- 
fective against RF interference from a loop antenna. A 
Faraday shield would be less effective. 


A more difficult case of RF interference, near field or 
far field, may require a genuine metallic RF shield. The 
idea behind RF shielding is that time-varying EMI 
fields induce currents in the shielding material. The in- 
duced currents dissipate energy in two ways: I2R losses 
in the shielding material and radiation losses as they re- 
radiate their own EM fields. The energy for both of 
these mechanisms is drawn from the impinging EMI 
fields. Hence the EMI is weakened as it penetrates the 
shield. 


More formally, the I2R losses are referred to as absorp- 
tion loss, and the re-radiation is called reflection loss. 
As it turns out, absorption loss is the primary shielding 
mechanism for H-fields, and reflection loss is the pri- 
mary shielding mechanism for E-fields. Reflection loss, 
being a surface phenomenon, is pretty much indepen- 
dent of the thickness of the shielding material. Both 
loss mechanisms, however, are dependent on the fre- 
quency (CIl)of the impinging EMI field, and on the 
permeability (JA-) and conductivity (<7")of the shielding 
material. These loss mechanisms vary approximately as 
follows: 


<7" 
reflection loss to an E-field (in dB) - 
log-CIlJA- 


absorption loss to an H-field (in dB) - 
t~CIl<7"JA- 


The first expression indicates that E-field shielding is 
more effective if the shield material is highly conduc- 
tive, and less effective if the shield if ferromagnetic, and 
that low-frequency fields are easier to block than high- 
frequency fields. This is shown in Figure 9. 


~ 
150 


0: 
125 
<Ii 
III 
100 
0-' 
75 
z0 
50 
;:0 
25 
"'-'.. 
0 
"' 
0: 
0.01 
0.1 
1.0 
10 
100 
1000 
10.000 


FREQUENCY(KILOHERTZ) 


~125 


l:l 
J 
g 
100 


~ 
'I 
ii: 
75 
II: 


; 
50 


Copper and aluminum both have the same permeabili- 
ty, but copper is slightly more conductive, and so pro- 
vides slightly greater reflection loss to an E-field. Steel 
is less effective for two reasons. First, it has a somewhat 
elevated permeability due to its iron content, and sec- 
ond, as tends to be the case with magnetic materials, it 
is less conductive. 


On the other hand, according to the expression for ab- 
sorption loss to an H-field, H-field shielding is more 
effective at higher frequencies and with shield material 
that has both high conductivity and high permeability. 
In practice, however, selecting steel for its high perme- 
ability involves some compromise in conductivity. But 
the increase in permeability more than makes up for the 
decrease in conductivity, as can be seen in Figure 10. 
This figure also shows the effect of shield thickness. 


A composite of E-field and H-field shielding is shown 
in Figure II. However, this type of data is meaningful 
only in the far field. In the near field the EMI could be 
90% H-field, in which case the reflection loss is irrele- 
vant. It would be advisable then to beef up the absorp- 
tion loss, at the expense of reflection loss, by choosing 
steel. A better conductor than steel might be less expen- 
sive, but quite ineffective. 


A different shielding mechanism that can be taken ad- 
vantage of for low frequency magnetic fields is the abili- 
ty of a high permeability material such as mumetal to 
divert the field by presenting a very low reluctance path 
to the magnetic flux. Above a few kHz, however, the 
permeability of such materials is the same as steel. 


In actual fact the selection of a shielding material turns 
out to be less important than the presence of seams, 
joints and holes in the physical structure of the enclo- 
sure. The shielding mechanisms are related to the in- 
duction of currents in the shield material, but the cur- 
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rents must be allowed to flow freely. If they have to 
detour around slots and holes, as shown in Figure 12, 
the shield loses much of its effectiveness. 


As can be seen in Figure 12, the severity of the detour 
has less to do with the area of the hole than it does with 
the geometry of the hole. Comparing Figure 12c with 
12d shows that a long narrow discontinuity such as a 
seam can cause more RF leakage than a line of holes 
with larger total area. A person who is responsible for 
designing or selecting rack or chassis enclosures for an 
EMI environment needs to be familiar with the tech- 
niques that are available for maintaining electrical con- 
tinuity across seams. Information on these techniques is 
available in the references. 


There are two kinds of grounds: earth-ground and sig- 
nal ground. The earth is not an equipotential surface, so 
earth ground potential varies. That and its other electri- 
cal properties are not conducive to its use as a return 
conductor in a circuit. However, circuits are often con- 
nected to earth ground for protection against shock 
hazards. The other kind of ground, signal ground, is an 
arbitrarily 
selected reference node in a circuit-the 


node with respect to which other node voltages in the 
circuit are measured. 


The standard 3-wire single-phase AC power distribu- 
tion system is represented in Figure 13. The white wire 
is earth-grounded at the service entrance. If a load cir- 
cuit has a metal enclosure or chassis, and if the black 
wire develops a short to the enclosure, there will be a 
shock hazard to operating personnel, unless the enclo- 
sure itself is earth-grounded. If the enclosure is earth- 


__ 
INDUCED 
SHIELD 
CURRENTS 


grounded, a short results in a blown fuse rather than a 
"hot" enclosure. The earth-ground connection to the 
enclosure is called a safety ground. The advantage of 
the 3-wire power system is that it distributes a safety 
ground along with the power. 


Note that the safety-ground wire carries no current, 
except in case of a fault, so that at least for low frequen- 
cies it's at earth-ground potential along its entire 
length. The white wire, on the other hand, may be sev- 
eral volts ofTground, due to the IR drop along its 
length. 
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Signal ground is a single point in a circuit that is desig- 
nated to be the referencenode for the circuit. Common- 
ly, wires that connect to this single point are also re- 
ferred to as "signal ground." In some circles "power 
supply common" or PSC is the preferred terminology 
for these conductors. In any case, the manner in which 
these wires connect to the actual reference point is the 
basis of distinction among three kinds of signal-ground 
wiring methods: series, parallel, and multipoint. These 
methods are shown in Figure 14. 


The series connection is pretty common because it's 
simple and economical. It's the noisiest of the three, 
however, due to common ground impedance coupling 
between the circuits. When several circuits share a 
ground wire, currents from one circuit, flowingthrough 
the finite impedance of the common ground line, cause 
variations in the ground potential of the other circuits. 
Given that the currents in a digital system tend to be 
spiked, and that the common impedance is mainly in- 
ductive reactance, the variations could be bad enough 
to cause bit errors in high current or particularly noisy 
situations. 


The parallel connection eliminates common ground im- 
pedance problems, but uses a lot of wire. Other disad- 
vantages are that the impedance of the individual 
ground lines can be very high, and the ground lines 
themselves can become sources of EMI. 


inter 


In the multipoint system, ground impedance is mini- 
mized by using a ground plane with the various circuits 
connected to it by very short ground leads. This type of 
connection would be used mainly in RF circuits above 
10 MHz. 


A combination 
of series and parallel ground-wiring 


methods can be used to trade off economic and the 
various electrical considerations. The idea is to run se- 
ries connections for circuits that have similar noise 
properties, 
and connect them at a single reference 


point, as in the parallel method, as shown in Figure 15. 


In Figure 15, "noisy signal ground" connects to things 
like motors and relays. Hardware ground is the safety 
ground connection to chassis, racks, and cabinets. It's a 
mistake to use the hardware ground as a return path for 
signal currents because it's fairly noisy (for example, 
it's the hardware ground that receives an ESD spark) 
and tends to have high resistance due to joints and 
seams. 
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Multipoint Connection 


Figure 14. Three Ways to Wire the Grounds 
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Figure 15. Parallel Connection 
of 58r1es Grounds 


Screws and bolts don't always make good electrical 
connections because of galvanic action, corrosion, and 
dirt. These kinds of connections may work well at first, 
and then cause mysterious maladies as the system ages. 


Figure 16 illustrates a grounding system for a 9-track 
digital tape recorder, showing an application of the se- 
ries/parallel ground-wiring method. 


Figure 17 shows a similar separation of grounds at the 
PCB level. Currents in multiplexed LED displays tend 
to put a lot of noise on the ground and supply lines 
because of the constant switching and changing in- 
volved in the scanning process. The segment driver 
ground is relatively quiet, since it doesn't conduct the 
LED currents. The digit driver ground is noisier, and 
should be provided with a separate path to the PCB 
ground terminal, even if the PCB ground layout is grid- 
ded. The LED feed and return current paths should be 
laid out on opposite sides of the board like parallel flat 
conductors. 


Figure 18 shows right and wrong ways to make ground 
connections in racks. Note that the safety ground con- 
nections from panel to rack are made through ground 
straps, not panel screws. Rack 1 correctly connects sig- 
nal ground to rack ground only at the single reference 
point. Rack 2 incorrectly connects signal ground to 
rack ground at two points, creating a ground loop 
around points 1, 2, 3, 4, 1. 


Breaking the "electronics ground" connection to point 
1 eliminates the ground loop, but leaves signal ground 
in rack 2 sharing a ground impedance with the relative- 
ly noisy hardware ground to the reference point; in fact, 
it may end up using hardware ground as a return path 
for signal and power supply currents. This will proba- 
bly cause more problems than the ground loop. 


Ground impedance problems can be virtually eliminat- 
ed by using braided cable. The reduction in impedance 
is due to skin effect: At higher frequencies the current 
tends to flow along the surface of a conductor rather 
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Figure 18. Electronic Circuits Mounted In Equipment Racks Should Have Separate Ground 
Connections. Rack 1 Shows Correct Grounding, Rack 2 Shows Incorrect Grounding. 


than uniformly through its bulk. While this effect tends 
to increase the impedance of a given conductor, it also 
indicates the way to minimize impedance, and that is to 
manipulate the shape of the cross-section so as to pro- 
vide more surface area. For its bulk, braided cable is 
almost pure surface. 


Power Supply Distribution 
and 


Decoupllng 


The main consideration for power supply distribution 
lines is, as for signal lines, to minimize the areas of the 
current loops. But the power supply lines take on an 
importance that no signal line has when one considers 
the fact that these lines have access to every PC board 
in the system. The very extensiveness of the supply cur- 
rent loops makes it difficult to keep loop areas small. 
And, a noise glitch on a supply line is a glitch delivered 
to every board in the system. 


The power supply provides low-frequency current to 
the load, but the inductance of the board-to-board and 
chip-to-chip distribution network makes it difficult for 
the power supply to maintain VCC specs on the chip 
while providing the current spikes that a digital system 
requires. In addition, the power supply current loop is a 
very large one, which means there will be a lot of noise 
pick-up. Figure 19a shows a load circuit trying to draw 
current spikes from a supply voltage through the line 
impedance. To the VCC waveform shown in that figure 
should be added the inductive pick-up associated with a 
large loop area. 


Adding a decoupling capacitor solves two problems: 
The capacitor acts as a nearby source of charge to sup- 
ply the current spikes through a smaller line imped- 
ance, and it defines a much smaller loop area for the 


higher frequency components of EM!. This is illustrat- 
ed in Figure 19b, which shows the capacitor supplying 
the current spike, during which VCC drops from 5V by 
the amount indicated in the figure. Between current 
spikes the capacitor recovers through the line imped- 
ance. 


One should resist the temptation to add a resistor or an 
inductor to the decoupler so as to form a genuine RC or 
LC low-pass filter because that slows down the speed 
with which the decoupler cap can be refreshed. Good 
filtering and good decoupling are not necessarily the 
same thing. 


The current loop for the higher frequency currents, 
then, is defmed by the decoupling cap and the load 
circuit, rather than by the power supply and the load 
circuit. For the decoupling cap to be able to provide the 
current spikes required by the load, the inductance of 
this current loop must be kept small, which is the same 
as saying the loop area must be kept small. This is also 
the requirement for minimizing inductive pick-up in 
the loop. 


There are two kinds of decoupling caps: board decou- 
piers and chip decouplers. A board decoupler will nor- 
mally be a 10 to 100 j.LF electrolytic capacitor placed 
near to where the power supply enters the PC board, 
but its placement is relatively non-critical. The purpose 
of the board decoupler is to refresh the charge on the 
chip decouplers. The chip decouplers are what actually 
provide the current spikes to the chips. A chip decou- 
pier will normally be a 0.1 to I j.LF ceramic capacitor 
placed near the chip and connected to the chip by 
traces that minimize the area of the loop formed by the 
cap and the chip. If a chip decoupler is not properly 
placed on the board, it will be ineffective as a decoupler 
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Figure 19. What a Decoupllng 
Capacitor 
Does 


and will serve only to increase the cost of the board. 
Good and bad placement of decoupling capacitors are 
illustrated in Figure 20. 


Power distribution traces on the PC board need to be 
laid out so as to obtain minimal area (minimal induc- 
tance) in the loops formed by each chip and its decou- 
pier, and by the chip decouplers and the board decou- 
pier. One way to accomplish this goal is to use a power 
plane. A power plane is the same as a ground plane, but 
at VCC potential. More economically, a power grid 
similar to the ground grid previously discussed (Figure 
8) can be used. Actually, if the chip decoupling loops 
are small, other aspects of the power layout are less 
critical. In other words, power planes and power grid- 
ding aren't needed, but power traces should be laid in 
the closest possible proximity to ground traces, prefer- 
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The decreased 
area of loop between 
capacitor 
& Ie decreases 
inductance. 


ably so that each power trace is on the direct opposite 
side of the board from a ground trace. 


Special-purposepower supply distribution buses which 
mount on the PCB are available. The buses use a paral- 
lel flat conductor configuration, one conductor being a 
VCC line and the other a ground line. Used in conjunc- 
tion with a gridded ground layout, they not only pro- 
vide a low-inductance distribution system, but can 
themselves form part of the ground grid, thus facilitat- 
ing the PCB layout. The buses are available with and 
without enhanced bus capacitance, under the names 
MinilBus@ and Q/PAC@ from Rogers Corp. (5750 E. 
McKellips, Mesa, AZ 85205). 


SELECTING 
THE VALUE 
OF THE 
DECOUPLING 
CAP 


The effectivenessof the decoupling cap has a lot to do 
with the way the power and ground traces connect this 
capacitor to the chip. In fact, the area formed by this 
loop is more important than the value of the capaci- 
tance. Then, given that the area of this loop is indeed 
minimal, it can generally be said that the larger the 
value of the decoupling cap, the more effectiveit is, if 
the cap has a mica, ceramic, glass, or polystyrene di- 
electric. 


It's often said, and not altogether accurately, that the 
chip decoupler shouldn't have too large a value. There 
are two reasons for this statement. One is that some 
capacitors, because of the nature of their dielectrics, 
tend to become inductive or lossy at higher frequencies. 
This is true of electrolytic capacitors, but mica, glass, 


9-15 


·. --- -- - - -- 


;i-h~;;d~;d-MH;.-ih~-;;th~~-~~;~-~~ cited for not using 
.too large a capacitance has to do with lead inductance. 


The capacitor with its lead inductance forms a series 
LC circuit. Below the frequency of series resonance, the 
net impedance of the combination is capacitive. Above 
that frequency, the net impedance is inductive. Thus a 
decoupling capacitor is capacitive only below the fre- 
quency of series resonance. The frequency is given by 


I 
fo = 27T.J[C 


where C is the decoupling capacitance and L is the lead 
inductance between the capacitor and the chip. On a 
PC board this inductance is determined by the layout, 
and is the same whether the capacitor dropped into the 
PCB holes is 0.001 JLF or I JLF. Thus, increasing the 
capacitance lowers the series resonant frequency. In 
fact, according to the resonant frequency formula, in- 
creasing C by a factor of 100 lowers the resonant fre- 
quency by a factor of 10. 


Figures quoted on the series resonant frequency of a 
0.01 JLF capacitor run from 10 to 15 MHz, depending 
on the lead length. If these numbers were accurate, a 
I JLF capacitor in the same position on the board would 
have a resonant frequency of 1.0 to 1.5 MHz, and as a 
decoupler would do more harm than good. However, 
the numbers are based on a presumed inductance of a 
given length of wire (the lead length). It should be not- 
ed that a "length of wire" has no inductance at all, 
strictly speaking. Only a complete current loop has in- 
ductance, and the inductance depends on the geometry 
of the loop. Figures quoted on the inductance of a 
length of wire are based on a presumably "very large" 
loop area, such that the magnetic field produced by the 
return current has no cancellation effect on the field 
produced by the current in the given length of wire. 
Such a loop geometry is not and should not be the case 
with the decoupling loop. 


Figure 21 shows VCC waveforms, measured between 
pins 40 and 20 (VCC and VSS) of an 8751 CPU, for 
several conditions of decoupling on a PC board that has 
a decoupling loop area slightly larger than necessary. 
These photographs show the effects of increasing the 
decoupling capacitance and decreasing the area of the 
decoupling loop. The indications are that a I JLF capac- 
itor is better than a 0.1 JLF capacitor, which in turn is 
better than nothing, and that the board should have 
been laid out with more attention paid to the area of the 
decoupling loop. 


Figure 21e was obtained using a special-purpose experi- 
mental capacitor designed by Rogers Corp. (Q-Pac Di- 
vision, Mesa; AZ) for use as a decoupler. It consists of 
two parallel plates, the length of a 4O-pinDIP, separat- 
ed by a ceramic dielectric. Sandwiched between the 


;~d-th~-PCB), it makes c~nnection to pins 40 and 20, 
forming a leadless decoupling capacitor. It is obviously 
a configuration of minimal inductance. Unfortunately, 
the particular sample tested had only 0.07 JLF of capac- 
itance and so was unable to prevent the I MHz ripple 
as effectively as the configuration of Figure 21d. It 
seems apparent, though, that with more capacitance 
this part will alleviate a lot of decoupling problems. 


THE CASE FOR ON ..BOARD 
VOLTAGE 
REGULATION 


To complicate matters, supply line glitches aren't al- 
ways picked up in the distribution networks, but can 
come from the power supply circuit itself. In that case, 
a well-designed distribution network faithfully delivers 
the glitch throughout the system. The VCC glitch in 
Figure 22 was found to be coming from·within a bench 
power supply in response to the EMP produced by an 
induction coil spark generator that was being used at 
Intel during a study of noise sensitivity. The VCC 
glitch is about 400 mV high and some 20 JLs in dura- 
tion. Normal board decoupling techniques were ineffec- 
tive in removing it, but adding an on-board voltage reg- 
ulator chip did the job. 


Thus, a good case can be made in favor of using a 
voltage regulator chip on each PCB, instead of doing all 
the voltage regulation at the supply circuit. This eases 
requirements on the heat-sinking at the supply circuit, 
and alleviates much of the distribution and board de- 
coupling headaches. However, it also brings in the pos- 
sibility that different boards would be operating at 
slightly different VCC levels due to tolerance in the 
regulator chips; this then leads to slightly different logic 
levels from board to board. The implications of that 
may vary from nothing to latch-up, depending on what 
kinds of chips are on the boards, and how they react to 
an input "high" that is perhaps Oo4Vhigher than local 
VCC. 


Recovering 
Gracefully 
from a Software 


Upset 


Even when one follows all the best guidelines for de- 
signing for a noisy environment, it's always possible for 
a noise transient to occur which exceeds the circuit's 
immunity level. In that case, one can strive at least for a 
graceful recovery. 


Graceful recovery schemes involve additional hardware 
and/or software which is supposed to return the system 
to a normal operating mode after a software upset has 
occurred. Two decisions have to be made: How to rec- 
ognize when an upset has occurred, and what to do 
about it. 


210313-30 
(C) 0.1 ""F Decoupler Stretched Directly 
from Pin 40 to Pin 20, under the Socket. 
(The difference between this and 21b Is 
due only to the change In loop geometry. 
Also shown Is the upward slope of a ripple 
In VCC. The ripple frequency Is 
1 MHz, the same as ALE.) 
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(d) 1.0 ""F Decoupler Stretched Directly 
from Pin 40 to Pin 20, under the Socket. 


(This prevents the 1 MHz ripple, but there's 


no reduction In higher frequency components. 


Further Increases In capacitance 
effected no further Improvement.) 


210313-32 
(e) Special-Purpose Decoupllng Cap 
under Development by Rogers Corp. 
(Further discussion In text.) 


Figure 21. Noise on VCC Une 
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If the designer knows what kinds and combinations of 
outputs can legally be generated by the system, he can 
use gates to recognize and flag the occurrence of an 
illegal state of affairs. The flag can then trigger a jump 
to a recovery routine which then may check or re-ini- 
tialize data, perhaps output an error message, or gener- 
ate a simple reset. 


The most reliable scheme is to use a so-called watchdog 
circuit. Here the CPU is programmed to generate a 
periodic signal as long as the system is executing in- 
structions in an expected manner. The periodic signal is 
then used to hold off a circuit that will trigger a jump to 
a recovery routine. The periodic signal needs to be AC- 
coupled to the trigger circuit so that a "stuck-at" fault 
won't continue to hold off the trigger. Then, if the proc- 
essor locks up someplace, the periodic signal is lost and 
the watchdog triggers a reset. 


In practice, it may be convenient to drive the watchdog 
circuit with a signal which is being generated anyway 
by the system. One needs to be careful, however, that 
an upset does in fact discontinue that signal. Specifical- 
ly, for example, one could use one of the digit drive 
signals going to a multiplexed display. But display 
scanning is often handled in response to a timer-inter- 
rupt, which may continue operating even though the 
main program is in a failure mode. Even so, with a little 
extra software, the signal can be used to control the 
watchdog (see Reference 8 on this). 


Simpler schemes can work well for simpler systems. 
For example, if a CPU isn't doing anything but scan- 
ning and decoding a keyboard, there's little to lose and 
much to gain by simply resetting it periodically with an 
astable multivibrator. It only takes about 13 /-Ls(at 6 
MHz) to reset an 8048 if the clock oscillator is already 
running. 


A zero-cost measure is simply to fill all unused pro- 
gram memory with NOPs and JMPs to a recovery rou- 
tine. The effectiveness of this method is increased by 
writing the program in segments that are separated by 


NOPs and JMPs. It's still possible, of course, to get 
hung up in a data table or something. But you get a lot 
of protection, for the cost. 


Further discussion of graceful recovery schemes can be 
found in Reference 13. 


MOS chips have some built-in protection against a stat- 
ic charge build-up on the pins, as would occur during 
normal handling, but there's no protection against the 
kinds of current levels and rise times that occur in a 
genuine electrostatic spark. These kinds of discharges 
can blow a crater in the silicon. 


It must be recognized that connecting CPU pins unpro- 
tected to a keyboard or to anything- else that is subject 
to electrostatic discharges makes an extremely fragile 
configuration. Buffering them is the very least one can 
do. But buffering doesn't completely solve the problem, 
because then the buffer chips will sustain the damage 
(even TTL); therefore, one might consider mounting 
the buffer chips in sockets for ease of replacement. 


Transient suppres,sors, such as the TranZorbs® made 
by General Semiconductor 
Industries 
(Tempe, AZ), 


may in the long run provide the cheapest protection if 
their "zero inductance" structure is used. The structure 
and circuit application are shown in Figure 23. 


The suppressor element is a pn junction that operates 
like a Zener diode. Back-to-back units are available for 
A:C ~peration. The element is more or less an open 
circuit at normal system voltage (the standoff voltage 
rating for the device), and conducts like a Zener diode 
at the clamping voltage. 


The lead inductance in the conventional transient sup- 
pressor package makes the conventional package essen- 
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tially useless for protection 
against ESD pulses, owing 


to the fast rise of these pulses. The "zero inductance" 
units are available singly in a 4-pin DIP, and in arrays 
of four to a 16-pin DIP 
for PCB level protection. 
In 


that application 
they should be mounted 
in close prox- 


imity to the chips they protect. 


In addition, 
metal 
enclosures 
or frames 
or parts 
that 


can 
receive 
an 
ESD 
spark 
should 
be connected 
by 


braided 
cable to the green-wire 
ground. 
Because of the 


ground 
impedance, 
ESD current 
shouldn't 
be allowed 


to flow through 
any signal ground, even if the chips are 


protected 
by transient 
suppressors. 
A 35 kV ESD spark 


can always 
spare a few hundred 
volts to drive a fast 


current 
pulse down a signal ground line if it can't find a 


braided cable to follow. Think how delighted 
your 8048 


will be to find its VSS pin 250V higher than VCC for a 
few IOs of nanoseconds. 


The automobile 
presents 
an extremely 
hostile environ- 


ment for electronic 
systems. There are several parts to 


it: 


1. Temperature 
extremes from -4O"C 
to + 125°C (un- 


der the hood) or + 85°C (in the passenger 
compart- 


ment) 


2. Electromagnetic 
pulses from the ignition system 


3. Supply line transients 
that will knock your socks off 


One needs to take a long, careful look at the tempera- 
ture extremes. The allowable storage temperature 
range 


for most 
Intel 
MOS chips is -65°C 
to + 1500C, al- 


though 
some chips have a maximum 
storage tempera- 


ture rating of + 125°C. In operation 
(or "under 
bias," 


as the data sheets say) the allowable 
ambient 
tempera- 


ture range depends on the product 
grade, as follows: 


Grade 
Ambient 
Temperature 


Mln 
Max 


Commercial 
0 
70 
Industrial 
-40 
+85 


Automotive 
-40 
+ 110 


Military 
-55 
+125 


The 
different 
product 
grades 
are 
actually 
the 
same 


chip, but tested according 
to different standards. 
Thus, 


a given commercial-grade 
chip might actually 
pass mil- 


itary temperature 
requirements, 
but not have been test- 


ed for it. (Of course, there are other differences in grad- 
ing requirements 
having to do with packaging, 
bum-in, 


traceability, 
etc.) 


In any case, it's apparent 
that commercial-grade 
chips 


can't 
be used 
safely in automotive 
applications, 
not 


even in the passenger 
compartment. 
Industrial-grade 


chips can be used in the passenger 
compartment, 
and 


automotive 
or military 
chips are required 
in under-the- 


hood applications. 


Ignition 
noise, CB radios, 
and that 
sort 
of thing 
are 


probably 
the least of your worries. In a poorly designed 


system, or in one that has not been adequately 
tested 


for 
the 
automotive 
environment, 
this 
type 
of EMI 


might 
cause 
a few software 
upsets, 
but 
not 
destroy 


chips. 


The major problem, 
and the one that seems to come as 


the biggest 
surprise 
to most 
people, 
is the line tran- 


sients. Regrettably, 
the 12V battery 
is not actually 
the 


source of power when the car is running. 
The charging 


system 
is, and it's not very clean. The only time the 


battery 
is the real source 
of power is when the car is 


first being started, 
and 
in that 
condition 
the battery 


terminals 
may be delivering about 5V or 6V. As follows 


is a brief description 
of the major idiosyncracies 
of the 
"12V" 
automotive 
power line. 
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• An abrupt reduction in the alternator load causes a 
positive voltage transient called "load dump." In a 
load dump transient the line voltage rises to 20V or 
30V in a few /.I.s,then decays exponentially with a 
time constant of about 100 /.I.s,as shown in Figure 
24. Much higher peak voltages and longer decay 
times have also been reported. The worst case load 
dump is caused by disconnecting a low battery from 
the alternator circuit while the alternator is running. 
Normally this would happen intermittently 
when 
the battery terminal connections are defective. 


• When the ignition is turned off, as the field excita- 
tion decays, the line voltage can go to between 
-40Vand 
-looV 
for 100 /.I.sor more. 


• Miscellaneous solenoid switching transients, such as 
the one shown in Figure 25, can drive the line to + 
or - 200V to 400V for several /.I.s. 


o SEC. 
t 


• Mutual coupling between unshielded wires in long 
harnesses can induce looV and 200V transients in 
unprotected circuits. 


What all this adds up to is that people in the business of 
building systems for automotive applications need a 
comprehensive 
testing program. 
An SAE guideline 


which describes the automotive environment is avail- 
able to designers: SAE 11211, "Recommended 
Envi- 
ronmental Practices for Electronic Equipment Design," 
1980 SAE Handbook, Part I, pp. 22.80-22.96. 


Some suggestions for protecting circuitry are shown in 
Figure 26. A transient suppressor is placed in front of 
the regulator chip to protect it. Since the rise times in 
these transients are not like those in ESD pulses, lead 
inductance is less critical and conventional devices can 
be used. The regulator itself is pretty much of a necessi- 
ty, since a load dump transient is simply not going to be 
removed by any conventional LC or RC filter. 


inter 


Special VO interfacing is also required, because of the 
need for high tolerance to voltage transients, 
input 


noise, input/output 
isolation, etc. In addition, switches 


that are being monitored or driven by these buffers are 
usually referenced to chassis ground instead of signal 
ground, and in a car there can be many volts difference 
between the two. I/O interfacing is discussed in Refer- 
ence 2. 


The EMC Education committee has available a video 
tape: 
"Introduction 
to 
EMC-A 
Video 
Training 


Tape," by Henry Otto Don White Consultants offers a 
series of training courses on many different aspects of 
electromagnetic compatibility. Most organizations that 
sponsor EMC courses also offer in-plant presentations. 


The main sources of information for this Application 
Note were the references by Ott and by White. Refer- 
ence 5 is probably the finest treatment currently avail- 
able on the subject. The other references provided spe- 
cific information as cited in the text. 


Courses and seminars on the subject of electromagnetic 
interference are given regularly throughout 
the year. 
Information on these can be obtained from: 


IEEE Electromagnetic Compatibility Society 
EMC Education Committee 
345 East 47th Street 
New York, NY 10017 


Don White Consultants, Inc. 
International Training Centre 
P.O. Box D 
Gainesville, VA 22065 
Phone: (703) 347-0030 
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Intel's microcontroller families (MCS@-48, MCS@-51, 
and iACX-96) contain a circuit that is commonly re- 
ferred to as the "on-chip oscillator". The on-chip cir- 
cuitry is not itself an oscillator, of course, but an ampli- 
fier that is suitable for use as the amplifier part of a 
feedback oscillator. The data sheets and Microcontoller 
Handbook show how the on-chip amplifier and several 
ofT-chip components can be used to design a working 
oscillator. With proper selection of ofT-chip compo- 
nents, these oscillator circuits will perform better than 
almost any other type of clock oscillator, and by almost 
any criterion of excellence. The suggested circuits are 
simple, economical, stable, and reliable. 


We ofTerassistance to our customers in selecting suit- 
able ofT-chipcomponents to work with the on-ehip os- 
cillator circuitry. It should be noted, however, that In- 
tel cannot assume the responsibility of writing specifi- 
cations for the ofT-chipcomponents of the complete os- 
cillator circuit, nor of guaranteeing the performance of 
the finished design in production, anymore than a tran- 
sistor manufacturer, whose data sheets show a number 
of suggested amplifier circuits, can assume responsibili- 
ty for the operation, in production, of any of them. 


We are often asked why we don't publish a list of re- 
quired crystal or ceramic resonator specifications, and 
recommend values for the other ofT-chipcomponents. 
This has been done in the past, but sometimes with 
consequences that were not intended. 


Suppose we suggest a maximum crystal resistance of 30 
ohms for some given frequency. Then your crystal sup- 
plier tells you the 30-ohm crystals are going to cost 
twice as much as 50-ohm crystals. Fearing that Intel 
will not "guarantee operation" with 50-ohm crsytals, 
you order the expensive ones. In fact, Intel guarantees 
only what is embodied within an Intel product. Besides, 
there is no reason why 50-ohm crystals couldn't be 
used, if the other ofT-chipcomponents are suitably ad- 
justed. 


Should we recommend values for the other ofT-chip 
components? Should we do it for 50-ohm crystals or 30- 
ohm crystals? With respect to what should we optimize 
their selection? Should we minimize start-up time or 
maximize frequency stability? In many applications, 
neither start-up time nor frequency stability are partic- 
ularly critical, and our "recommendations" are only re- 
stricting your system to unnecessary tolerances. It all 
depends on the application. 


Although we will neither "specify" nor "recommend" 
specific ofT-chipcomponents, we do ofTerassistance in 
these tasks. Intel application engineers are available to 
provide whatever technical assistance may be needed or 
desired by our customers in designing with Intel prod- 
ucts. 


This Application Note is intended to provide such as- 
sistance in the design of oscillator circuits for micro- 
controller systems. Its purpose is to describe in a practi- 
cal manner how oscillators work, how crystals and ce- 
ramic resonators work (and thus how to spec them), 
and what the on-chip amplifier looks like electronically 
and what its operating characteristics are. A BASIC 
program is provided in Appendix II to assist the de- 
signer in determining the efTectsof changing individual 
parameters. Suggestions are provided for establishing a 
pre-production test program. 


Figure I shows an amplifier whose output line goes into 
some passive network. If the input signal to the amplifi- 
er is v I>then the output signal from the amplifer is v2 
= AVI and the output signal from the passive network 
is v3 = /3v2 = /3AVI. Thus /3A is the overall gain 
from terminal I to terminal 3. 


Now connect terminal I to terminal 3, so that the sig- 
nal path forms a loop: I to 2 to 3, which is also 1. Now 
we have a feedback loop, and the gain factor /3A is 
called the loop gain. 


Gain factors are complex numbers. That means they 
have a magnitude and a phase angle, both of which 
vary with frequency. When writing a complex number, 
one must specify both quantities, magnitude and angle. 
A number whose magnitude is 3, and whose angle is 45 
degrees is commonly written this way: 3L45·. The num- 
ber I is, in complex number notation, ILO·,while -I 
is 


!L180·. 


By closing the feedback loop in Figure I, we force the 
equality 
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In a given circuit, either or both of the solutions may be 
in effect. In the first solution the circuit is quiescent (no 
output signal). If you're trying to make an oscillator, a 
no-signal condition is unacceptable. There are ways to 
guarantee that the second solution is the one that will 
be in effect, and that the quiescent condition will be 
excluded. 


A feedback oscillator amplifies its own noise and feeds 
it back to itself in exactly the right phase, at the oscilla- 
tion frequency, to build up and reinforce the desired 
oscillations. Its ability to do that depends on its loop 
gain. First, oscillations can occur only at the frequency 
for which the loop gain has a phase angle of 0 degrees. 
Second build-up of oscillations will occur only if the 
loop gain exceeds I at the frequency. Build-up contin- 
ues until nonlinearities in the circuit reduce the average 
value of the loop gain to exactly 1. 


Start-up 
characteristics 
depend 
on the small-signal 


properties of the circuit, specifically, the small-signal 
loop gain. Steady-state characteristics of the oscillator 
depend on the large-signal properties of the circuit, 
such as the transfer curve (output voltage vs. input 
voltage) of the amplifier, and the clamping effect of the 
input protection devices. These things will be discussed 
more fully further on. First we will look at the basic 
operation of the particular oscillator circuit, called the 
"positive reactance" oscillator. 


Figure 2 shows the configuration of the positive reac- 
tance oscillator. The inverting amplifier, working into 
the impedance of the feedback network, produces an 
output signal that is nominally 180degrees out of phase 
with its input. The feedback network must provide an 
additional 180 degrees phase shift, such that the overall 
loop gain has zero (or 360) degrees phase shift at the 
oscillation frequency. 


In order for the loop gain to have zero phase angle it is 
necessary that the feedback element Zr have a positive 
reactance. That is, it must be inductive. Then, the fre- 
quency at which the phase angle is zero is approximate- 
ly the frequency at which 


+1 
Xf=-wC 


where Xf is the reactance of Zr (the total Zr being Rf + 
jXf, and C is the series combination of CXl and CX2. 


C = 
CX1 CX2 


CX1 + CX2 


In other words, Zf and C form a parallel resonant cir- 
cuit. 


If Zf is an inductor, then Xf = wL, and the frequency 
at which the loop gain has zero phase is the frequency 
at which 


1 
wL=-wC 


1 
w=J[C 


Normally, Zf is not an inductor, but it must still have a 
positive reactance in order for the circuit to oscillate. 
There are some piezoelectric devices on the market that 
show a positive reactance, and provide a more stable 
oscillation frequency than an inductor 
will. Quartz 


crystals can be used where the oscillation frequency is 
critical, and lower cost ceramic resonators can be used 
where the frequency is less critical. 


When the feedback element is a piezoelectric device, 
this circuit configuration is called a Pierce oscillator. 
The advantage of piezoelectric resonators lies in their 
property of providing a wide range of positive reactance 
values over a very narrow range of frequencies. The 
reactance will equal IIwC at some frequency within 
this range, so the oscillation frequency will be within 
the same range. Typically, the width of this range is 
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and about 3% of the nominal frequency of a ceramic 
resonator. With relatively little design effort, frequency 
accuracies of 0.03% or better can be obtained with 
quartz crystals, and 0.3% or better with ceramic reso- 
nators. 


The crystal resonator is a thin slice of quartz sand- 
wiched between two electrodes. Electrically, the device 
looks pretty much like a 5 or 6 pF capacitor, except 
that over certain ranges of frequencies the crystal has a 
positive (i.e., inductive) reactance. 


The ranges of positive reactance originate in the piezo- 
electric property of quartz: Squeezing the crystal gener- 
ates an internal E-field. The effect is reversible: Apply- 
ing an AC E-field causes the crystal to vibrate. At cer- 
tain vibrational frequencies there is a mechanical reso- 
nance. As the E-field frequency approaches a frequency 
of mechanical resonance, the measured reactance of the 
crystal becomes positive, as shown in Figure 3. 
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Typically there are several ranges of frequencies where- 
in the reactance of the crystal is positive. Each range 
corresponds to a different mode of vibration in the crys- 
tal. The main resonsances are the so-called fundamen- 
tal response and the third and fifth overtone responses. 


The overtone responses shouldn't be confused with the 
harmonics of the fundamental. They're not harmonics, 
but different vibrational modes. They're not in general 
at exact integer multiples of the fundamental frequency. 
There will also be "spurious" responses, occurring typi- 
cally a few hundred KHz above each main response. 


on power-up, something must be done to suppress the 
loop gain in the undesired frequency ranges. The crys- 
tal itself provides some protection against unwanted 
modes of oscillation; too much resistance in that mode, 
for example. Additionally, junction capacitances in the 
amplifying devices tend to reduce the gain at higher 
frequencies, and thus may discriminate against unwant- 
ed modes. In some cases a circuit fix is necessary, such 
as inserting a trap, a phase shifter, or ferrite beads to 
kill oscillations in unwanted modes. 


Figure 4 shows an equivalent circuit that is used to 
represent the crystal fol' circuit analysis. 


The R\-L\-C\ 
branch is called the motivational arm of 


the crystal. The values of these parameters derive from 
the mechanical properties of the crystal and are con- 
stant for a given mode of vibration. Typical values for 
various nominal frequencies are shown in Table 1. 
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Figure 4. Quartz Crystal: Symbol and 


Equivalent Circuit 


Co is called the shunt capacitance of the crystal. This is 
the capacitance of the crystal's electrodes and the me- 
chanical holder. If one were to measure the reactance of 
the crystal at a freuqency far removed from a resonance 
frequency, it is the reactance of this capacitance that 
would be measured. It's normally 3 to 7 pF. 


Table 1. Typical Crystal Parameters 


Frequency 
R1 
L1 
C1 
Co 


MHz 
ohms 
mH 
pF 
pF 


2 
100 
520 
0.012 
4 


4.608 
36 
117 
0.010 
2.9 


11.25 
19 
8.38 
0.024 
5.4 
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The series resonant frequency of the crystal is the fre- 
quency at which LI and CI are in resonance. This fre- 
quency is given by 


1 
fs=--- 
21TJL1C1 


At this frequency the impedance of the crystal is RI in 
parallel with the reactance of Co. For most purposes, 
this impedance is taken to be just R j, since the reac- 
tance of Co is so much larger than RI. 


A crystal oscillator circuit such as the one shown in 
Figure 2 (redrawn in Figure 5) operates at the frequen- 
cy for which the crystal is antiresonant (ie, parallel-res- 
onant) with the total capacitance across the crystal ter- 
minals external to the crystal. This total capacitance 
external to the crystal is called the load capacitance. 


The crystal manufacturer needs to know the value of 
CL in order to adjust the crystal to the specified fre- 
quency. 
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The adjustment involves putting the crystal in series 
with the specifiedCL, and then "trimming" the crystal 
to obtain resonance of the series combination of the 
crystal and CL at the specified frequency. Because of 
the high Q of the crystal, the resonant frequency of the 
series combination of the crystal and CL is the same as 


the antiresonant frequency of the parallel 
combination 


of the crystal and CL. This frequency is given by 


1 
fa = --===========~ 
21TJL1 
C1 (CL + Co)/(C1 + CL + Co) 


These frequency formulas are derived (in Appendix A) 
from the equivalent circuit of the crystal, using the as- 
sumptions that the Q of the crystal is extremely high, 
and that the circuit external to the crystal has no effect 
on the frequency other than to provide the load capaci- 
tance CL. The latter assumption is not precisely true, 
but it is close enough for present purposes. 


There is no such thing as a "series cut" crystal as op- 
posed to a "parallel cut" crystal. There are different 
cuts of crystal, having to do with the parameters of its 
motional arm in various frequency ranges, but there is 
no special cut for series or parallel operation. 


An oscillator is series resonant if the oscillation fre- 
quency is fs of the crystal. To operate the crystal at fs, 
the amplifier has to be noninverting. When buying a 
crystal for such an oscillator, one does not specify a 
load capacitance. Rather, one specifiesthe loading con- 
dition as "series." 


If a "series" crystal is put into an oscillator that has an 
inverting amplifier, it will oscillate in parallel resonance 
with the load capacitance presented to the crystal by 
the oscillator circuit, at a frequency slightly above fs.In 
fact, at approximately 


f 
= f (1 + 
C1 
) 
a 
s 
2(CL + CO) 


This frequency would typically be about 0.02% above 
fs· 


The "series resistance" often listed on quartz crystal 
data sheets is the real part of the crystal impedance at 
the crystal's calibration frequency. This will be R I if 
the calibration frequency is the series resonant frequen- 
cy of the crystal. If the crystal is calibrated for parallel 
resonance with a load capacitance CL, the equivalent 
series resistance will be 


( 
CO)2 
ESR = R, 
1 + CL 


The crystal manufacturer measures this resistance at 
the calibration frequency during the same operation in 
which the crystal is adjusted to the calibration frequen- 
cy. 
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Frequency tolerance as discussed here is not a require- 
ment on the crystal, but on the complete oscillator. 
There are two types of frequency tolerances on oscilla- 
tors: frequency acccuracy 
and frequency stability. 
Fre- 


quency accuracy refers to the oscillator's ability to run 
at an exact specified frequency. Frequency stability re- 
fers to the constancy of the oscillation frequency. 


Frequency accuracy requires mainly that the oscillator 
circuit present to the crystal the same load capacitance 
that it was adjusted for. Frequency stability requires 
mainly that the load capacitance be constant. 


In most digital applications the accuracy and stability 
requirements on the oscillator are so wide that it makes 
very little difference what load capacitance the crystal 
was adjusted to, or what load capacitance the circuit 
actually presents to the crystal. For example, if a crys- 
tal was calibrated to a load capacitance of 25 pF, and is 
used in a circuit whose actual load capacitance is 50 pF, 
the frequency error on that account would be less than 
0.01%. 


In a positive reactance oscillator, the crystal only needs 
to be in the intended response mode for the oscillator to 
satisfy a 0.5% or better frequency tolerance. That's be- 
cause for any load capacitance the oscillation frequency 
is certain to be between the crystal's resonant and anti- 
resonant frequencies. 


Phase shifts that take place within the amplifier part of 
the oscillator will also affect frequency accuracy and 
stability. These phase shifts can normally be modeled as 
an "output capacitance" that, in the positive reactance 
oscillator, parallels CX2. The predictability and con- 
stancy of this output capacitance over temperature and 
device sample will be the limiting factor in determining 
the tolerances that the circuit is capable of holding. 


Drive level refers to the power dissipation in the crys- 
tal. There are two reasons for specifying it. One is that 
the parameters in the equivalent circuit are somewhat 
dependent on the drive level at which the crystal is 
calibrated. The other is that if the application circuit 
exceeds the test drive level by too much, the crystal 
may be damaged. Note that the terms "test drive level" 
and "rated drive level" both refer to the drive level at 
which the crystal is calibrated. Normally, in a micro- 
controller system, neither the frequency tolerances nor 
the power levelsjustify much concern for this specifica- 
tion. Some crystal manufacturers don't even require it 
for microprocessor crystals. 


In a positive reactance oscillator, if one assumes the 
peak voltage across the crystal to be something in the 
neighborhood of Vcc, the power dissipation can be ap- 
proximated as 


This formula is derived in Appendix A. In a 5V system, 
P rarely evaluates to more than a milliwatt. Crystals 
with a standard 
I or 2 mW drive level rating can be 


used in most digital systems. 
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Figure 6. Ceramic Resonator Impedance vs. 


Frequency (Test Data Supplied by NTK 


Technical Ceramics) 


Ceramic resonators operate on the same basic princi- 
ples as a quartz crsytal. Like quartz crsytals, they are 
piezoelectric, have a reactance versus frequency curve 
similar to a crystal's, and an equivalent circuit that 
looks just like a crystal's (with different parameter val- 
ues, however). 


The frequency tolerance of a ceramic resonator is about 
two orders of magnitude wider than a crystal's, but the 
ceramic is somewhat cheaper than a crystal. It may be 
noted for comparison that quartz crystals with relaxed 
tolerances cost about twice as much as ceramic resona- 
tors. For purposes of clocking a microcontroller, 
the 


frequency tolerance is often relatively noncritical, and 
the economic consideration becomes the dominant fac- 
tor. 


Figure 6 shows a graph of impedance magnitude versus 
frequency for a 3.58 MHz ceramic resonator. (Note 
that Figure 6 is a graph of 1241 versus frequency, where 
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as Figure 3 is a graph of Xr versus frequency.) A num- 
ber of spurious responses are apparent in Figure 6. The 
manufacturers state that spurious responses are more 
prevalent 
in the 
lower frequency 
resonators 
(kHz 
range) than in the higher frequency units (MHz range). 
For our purposes only the MHz range ceramics need to 
be considered. 
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Figure 7. Ceramic Resonator: Symbol and 
Equivalent Circuit 


Figure 7 shows the symbol and equivalent circuit for 
the ceramic resonator, both of which are the same as 
for the crystal. The parameters have different values, 
however, as listed in Table 2. 


Frequency 
R1 
L1 
C1 
Co 
MHz 
ohms 
mH 
pF 
pF 
3.58 
7 
0.113 
19.6 
140 
6.0 
8 
0.094 
8.3 
60 
8.0 
7 
0.092 
4.6 
40 
11.0 
10 
0.057 
3.9 
30 


Note that the motional arm of the ceramic resonator 
tends to have less resistance than the quartz crystal and 
also a vastly reduced LlfCI 
ratio. This results in the 


motional arm having a Q (given by (IIRI) JLlfCI) that 
is typically two orders of magnitude lower than that of 
a quartz crystal. The lower Q makes for a faster startup 
of the oscilaltor and for a less closely controlled fre- 
quency (meaning that circuitry external to the resona- 
tor will have more influence on the frequency than with 
a quartz crystal). 


Another major difference is that the shunt capacitance 
of the ceramic resonator is an order of magnitude high- 
er than Co of the quartz crystal and more dependent on 
the frequency of the resonator. 


The implications of these differences are not all obvi- 
ous, but some will be indicated in the section on Oscil- 
lator Calculations. 


Ceramic resonators are easier to specify than quartz 
crystals. All the vendor wants to know is the desired 


frequency and the chip you want it to work with. 
They'll supply the resonators, a circuit diagram show- 
ing the positions and values of other external compo- 
nents that may be required and a guarantee that the 
circuit will work properly at the specified frequency. 


OSCILLATOR 
DESIGN 
CONSIDERATIONS 


Designers of microcontroller systems have a number of 
options to choose from for clocking the system. The 
main decision is whether to use the "on-chip" oscillator 
or an external oscillator. If the choice is to use the on- 
chip oscillator, what kinds of external components are 
needed to make it operate as advertised? If the choice is 
to use an external oscillator, what type of oscillator 
should it be? 


The decisions have to be based on both economic and 
technical requirements. 
In this section we'll discuss 


some of the factors that should be considered. 
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In most cases, the on-chip amplifier with the appropri- 
ate external components provides the most economical 
solution to the clocking problem. Exceptions may arise 
in severe environments when frequency tolerances are 
tighter than about 0.01%. 


The external components that need to be added are a 
positive reactance (normally a crystal or ceramic reso- 
nator) and the two capacitors CXI and CX2, as shown 
in Figure 8. 


Specifications for an appropriate crystal are not very 
critical, unless the frequency is. Any fundamental-mode 
crystal of medium or better quality can be used. 
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We are often asked what maximum crystal resistance 
should be specified. The best answer to this question is 
the lower the better, but use what's available. The crys- 
tal resistance will have some effect on start-up time and 
steady-state amplitude, but not so much that it can't be 
compensated for by appropriate selection of the capaci- 
tances CX! and CX2' 


Similar questions are asked about specifications of load 
capacitance and shunt"capacitance. The best advice we 
can give is to understand what these parameters mean 
and how they affect the operation of the circuit (that 
being the purpose of this Application Note), and then 
decide for yourself if such specifications are meaningful 
in your application or not. Normally, they're not, un- 
less your frequency tolerances are tighter than about 
0.1%. 


Part of the problem is that crystal manufacturers are 
accustomed to talking "ppm" tolerances with radio en- 
gineers and simply won't take your order until you've 
filled out their list of specifications. It will help if you 
defme your actual frequency tolerance requirements, 
both for yourself and to the crystal manufacturer. 
Don't pay for 0.003% crystals if your actual frequency 
tolerance is 1%. 


The oscillation frequency is determined 99.5% by the 
crystal and up to about 0.5% by the circuit external to 
the crystal. The on-chip amplifier has little effect on the 
frequency, which is as it should be, since the amplifier 
parameters are temperature and process dependent. 


The influence of the on-chip amplifier on the frequency 
is by means of its input and output (pin-to-ground) ca- 
pacitances, 
which parallel 
CX! and 
CX2, and the 


XTAL1-to-XTAL2 
(pin-to-pin) 
capacitance, 
which 


parallels the crystal. The input and pin-to-pin capaci- 
tances are about 7 pF each. Internal phase deviations 
from the nominal 180" can be modeled as an output 
capacitance of 25 to 30 pF. These deviations from the 
ideal have less effect in the positive reactance oscillator 
(with the inverting amplifer) than in a comparable se- 
ries resonant oscillator (with the noninverting amplifi- 
er) for two reasons: first, the effect of the output capaci- 
tance is lessened, if not swamped, by the off-chip capac- 
itor; secondly, the positive reactance oscillator is less 
sensitive, frequency-wise, to such phase errors. 


Optimal values for the capacitors CX! and CX2 depend 
on 
whether 
a 
quartz 
crystal 
or 
ceramic 
resona- 


tor is being used, and also on application-specific re- 
quirements on start-up time and frequency tolerance. 


Start-up time is sometimes more critical in microcon- 
troller systems than frequency stability, because of vari- 
ous reset and initialization requirements. 


Less commonly, accuracy of the oscillator frequency is 
also critical, for example, when the oscillator is being 
used as a time base. As a general rule, fast start-up and 
stable frequency tend to pull the oscillator design in 
opposite directions. 


Considerations of both start-up time and frequency sta- 
bility over temperature 
suggest that 
CX! and CX2 


should be about equal and at least 20 pF. (But they 
don't have to be either.) Increasing the value of these 
capacitances above some 40 or 50 pF improves frequen- 
cy stability. It also tends to increase the start-up time. 
There is a maximum value (several hundred pF, de- 
pending on the value of R! of the quartz or ceramic 
resonator) above which the oscillator won't start up at 
all. 


If the on-chip amplifier is a simple inverter, such as in 
the 8051, the user can select values for CX! and CX2 
between some 20 and 100 pF, depending on whether 
start-up time or frequency stability is the more critical 
parameter in a specific application. If the on-chip am- 
plifier is a Schmitt Trigger, such as in the 8048, smaller 
values of CX! must be used (5 to 30 pF), in order to 
prevent the oscillator from running in a relaxation 
mode. 


Later sections in this Application Note will discuss the 
effects of varying CX! and CX2 (as well as other param- 
eters), and will have more to say on their selection. 


Noise glitches arriving at XTALI 
or XTAL2 pins at 


the wrong time can cause a miscount in the internal 
clock-generating circuitry. These kinds of glitches can 
be prodJlced through capacitive coupling between the 
oscillator components and PCB traces carrying digital 
signals with fast rise and fall times. For this reason, the 
oscillator components should be mounted close to the 
chip and have short, 
direct traces to the XTAL1, 


XTAL2, and VSS pins. 


There are times when it would be desirable to use the 
on-chip oscillator to clock other chips in the system. 
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Figure 9. Using the On-Chip Oscillator 
to Drive Other Chips 


This can be done if an appropriate buffer ·is used. A 
TTL buffer puts too much load on the on-chip amplifi- 
er for reliable start-up. A CMOS buffer (such as the 
74HC04) can be used, if it's fast enough and if its VIH 
and VIL specs are compatible with the available signal 
amplitudes. Circuits such as shown in Figure 9 might 
also be considered for these types of applications. 


Clock-related signals are available at the TO pin in the 
MCS-48 products, at ALE in the MCS-48 and MCS-51 
lines, and the iACX-96 controllers provide a CLKOUT 
signal. 


When technical requirements dictate the use of an ex- 
ternal oscillator, the external drive requirements for the 
microcontroller, as published in the data sheet, must be 
carefully noted. The logic levels are not in general TTL- 
compatible. And each controller has its idiosyncracies 
in this regard. The 8048, for example, requires that 
both XTALl and XTAL2 be driven. The 8051 can be 
driven that way, but the data sheet suggest the simpler 
method of grounding XTALl and driving XTAL2. For 
this method, the driving source must be capable of sink- 
ing some current when XTAL2 is being driven low. 


For the external oscillator itself, there are basically two 
choices: ready-made and home-grown. 
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TTL Crystal 
Clock Oscillator 


The HS-lOO,HS-200, & HS·500 all-metal package se- 
ries of oscillators are TTL compatible & fit a DIP 
layout. Standard electrical specifications are shown 
below. Variations are available for special applica- 
tions. 
Frequency Range: HS-lQO-3.5 
MHz to 30 MHz 
HS·2QO-225 KHz to 3.5 MHz 
HS-5QO-25 MHz to 60 MHz 


Hermetically 
Sealed 
Package 
Mass spectrometer leak rate max. 
I X 10-8 atmos. cc/sec. of helium 


, 
INPUT 


HS-100 
HS·200 
HS-500 


3.5 MHz-20 
MHz 
20+ 
MHz-30 
MHz 
225 KHz-4.0 
MHz 
25 MHz-60 
MHz 


Supply Voltage 


(Ved 
5V ±10% 
5V ±10% 
5V ± 10% 
5V ±10% 
Supply Current 
(led 
max. 
30mA 
40mA 
85mA 
50mA 


OUTPUT 


HS·100 
, 
HS·200 
HS·500 


3.5 MHz-20 
MHz 
20 + MHz-30 
MHz 
225 KHz-4.0 
MHz 
25 MHz-60 
MHz 


VOH (Logic "1") 
+2AV 
min.1 
+2.7V 
min.2 
+2AV 
min.1 
+2.7V 
min.2 


VOL (Logic "0") 
+OAV 
max.3 
+0.5V 
max.4 
+OAV 
max.3 
+0.5V 
max.4 


Symmetry 
60/40%5 
60/40%5 
55/45%5 
60/40%5 


TR. TF (Rise & 


Fall Time) 
< 10 ns6 
< 5 ns6 
< 15 ns6 
< 5 ns6 


Output Short 
Circuit Current 
18 mA min. 
40 mA min. 
18 mA min. 
40mA 
min. 


Output 
Load 
1 to 10 TIL 
Loads7 
1 to 10 TIL 
Loads8 
1 to 10 TIL 
Loads7 
1 to 10 TIL 
Loads8 


CONDITIONS 
110source = - 400 1J.Amax. 
410 sink = 20.00 mA max. 
71.6 mA per load 


210source = -1.0 
mA max. 
5Vo = 1AV 
82.0 mA per load 


310sink = 16.0 mA max. 
6(OAV to 2AV) 


Prepackaged oscillators are available from most crystal 
manufacturers, and have the advantage that the system 
designer can treat the oscillator as a black box whose 
performance is guaranteed by people who carry many 
years of experience in designing and building oscilla- 
tors. Figure 10 shows a typical data sheet for some 
prepackaged oscillators. Oscillators are also available 
with complement~ 
outputs. 


If the oscillator is to drive the microcontroller directly, 
one will want to make a careful comparison between 
the external drive requirements in the microcontroller 
data sheet and the oscillator's output logic levels and 
test conditions. 


If oscillator stability is less critical than cost, the user 
may prefer to go with an in-house design. Not without 
some precautions, however. 


It's easy to design oscillators that work. Almost all of 
them do work, even if the designer isn't too clear on 
why. The key point here is that almost 
all of them 


work. The problems begin when the system goes into 
production, 
and marginal units commence malfunc- 


tioning in the field. Most digital designers, after all, are 
\lot very adept at designing oscillators for production. 


Oscillator design is somewhat of a black art, with the 
quality of the finished product being very dependent on 
the designer's experience and intuition. For that reason 
the most important consideration in any design is to 
have an adequate preproduction test program. Prepro- 
duction tests are discussed later in this Application 
Note. Here we will discuss some of the design options 
and take a look at some commonly used configurations. 


Gate Oscillators 
versus Discrete 


Devices 


Digital systems designers are understandably reluctant 
to get involved with discrete devices and their peculiari- 
ties (biasing techniques, etc.). Besides, the component 
count for these circuits tends to be quite a bit higher 
than what a digital designer is used to seeing for that 
amount of functionality. Nevertheless, if there are un- 
usual requirements on the accuracy and stability of the 
clock frequency, it should be noted that discrete device 
oscillators can be tailored to suit the exact needs of the 
application and perfected to a level that would be diffi- 
cult for a gate oscillator to approach. 


In most cases, when an external oscillator is needed, the 
designer tends to rely on some form of a gate oscillator. 
A TTL inverter with a resistor connecting the output to 
the input makes a suitable inverting amplifier. The re- 
sistor holds the inverter in the transition region be- 
tween logical high and low, so that at least for start-up 
purposes the inverter is a linear amplifier. 


The feedback resistance has to be quite low, however, 
since it must conduct current sourced by the input pin 
without allowing the DC input voltage to get too far 
above the DC output voltage. For biasing purposes, the 
feedback resistance should not exceed a few k-ohms. 
But shunting the crystal with such a low resistance does 
not encourage start-up. 


:t .01 pI 


Consequently, the configuration in Figure IIA might 
be suggested. By breaking Rf into two parts and AC- 
grounding the midpoint, one achieves the DC feedback 
required to hold the inverter in its active region, but 
without the negative signal feedback that is in effect 
telling the circuit not to oscillate. However, this biasing 
scheme will increase the start-up time, and relaxation- 
type oscillations are also possible. 


A CMOS inverter, such as the 74HC04, might work 
better in this application, since a larger Rf can be used 
to hold the inverter in its linear region. 


Logic gates tend to have a fairly low output resistance, 
which destabilizes the oscillator. For that reason a re- 
sistor Rx is often added to the feedback network, as 
shown in Figures IIA and B. At higher frequencies a 
20 or 30 pF capacitor is sometimes used in the Rx posi- 
tion, to compensate for some of the internal propaga- 
tion delay. 


Reference I contains an excellent discussion of gate os- 
cillators, and a number of design examples. 


It's easier to design an oscillator circuit to operate in 
the resonator's fundamental response mode than to de- 
sign one for overtone operation. A quartz crystal whose 
fundamental response mode covers the desired frequen- 
cy can be obtained up to some 30 MHz. For frequencies 
above that, the crystal might be used in an overtone 
mode. 


Several problems arise in the design of an overtone os- 
cillator. One is to stop the circuit from oscillating in the 
fundamental mode, which is what it would really rather 
do, for a number of reasons, involving both the amplify- 
ing device and the crystal. An additional problem with 
overtone operation is an increased tendency to spurious 
oscillations. That is because the R 1 of various spurious 
modes is likely to be about the same as Rl of the in- 
tended overtone response. It may be necessary, as sug- 
gested in Reference 1, to specify a "spurious-to-main- 
response" resistance ratio to avoid the possibility of 
trouble. 


Overtone oscillators are not to be taken lightly. One 
would be well advised to consult with an engineer who 
is knowledgeable in the subject during the design phase 
of such a circuit. 


Series resonant oscillators use noninverting amplifiers. 
To make a noninverting amplifier out of logic gates 
requires that two inverters be used, as shown in Figure 
12. 


This type of circuit tends to be inaccurate and unstable 
in frequency over variations in temperature and Vcc. It 
has a tendency to oscillate at overtones, and to oscillate 
through Co of the crystal or some stray capacitance 
rather than as controlled by the mechanical resonance 
of the crystal. 


The demon in series resonant oscillators is the phase 
shift in the amplifier. The series resonant oscillator 
wants more than just a "noninverting" 
amplifier-it 


wants a zero phase-shift 
amplifier. Multistage nonin- 


verting amplifiers tend to have a considerably lagging 
phase shift, such that the crystal reactance must be ca- 
pacitive in order to bring the total phase shift around 
the feedback loop back up to O. In this mode, a "12 
MHz" crystal may be running at 8 or 9 MHz. One can 
put a capacitor in series with the crystal to relieve the 
crystal of having to produce all of the required phase 
shift, and bring the oscillation frequency closer to fs. 
However, to further complicate the situation, the am- 
plifier's phase shift is strongly dependent on frequency, 
temperature, VCC, and device sample. 


Positive reactance oscillators ("parallel resonant") use 
inverting amplifiers. A single logic inverter can be used 
for the amplifier, as in Figure 11. The amplifier's phase 
shift is less critical, compared to a series resonant cir- 
cuit, and since only one inverter is involved there's less 
phase error anyway. The oscillation frequency is effec- 
tively bounded by the resonant and antiresonant fre- 
quencies of the crystal itself. In addition, the feedback 
network includes capacitors that parallel the input and 
output terminals of the amplifier, thus reducing the ef- 
fect of unpredictable capacitances at these points. 


MORE ABOUT 
USING THE "ON-CHIP" 


OSCILLATORS 


In this section we will describe the on-chip inverters on 
selected microcontrollers 
in some detail, and discuss 


criteria for selecting components to work with them. 
Future data sheets will supplement this discussion with 
updates and information pertinent to the use of each 
chip's oscillator circuitry. 


Oscillator design, though aided by theory, is still largely 
an empirical exercise. The circuit is inherently nonlin- 
ear, and the normal analysis parameters vary with in- 
stantaneous voltage. In addition, when dealing with the 
on-chip circuitry, we have FETs being used as resistors, 
resistors being used as interconnects, distributed delays, 
input protection devices, parasitic junctions, and pro- 
cessing variations. 


Consequently, 
oscillator calculations 
are never very 


precise. They can be useful, however, if they will at 
least indicate the effects of variations in the circuit pa- 
rameters on start-up time, oscillation frequency, and 
steady-state amplitude. Start-up time, for example, can 
be taken as an indication of start-up reliability. If pre- 
production tests indicate a possible start-up problem, a 
relatively inexperienced designer can at least be made 
aware of what parameter may be causing the marginali- 
ty, and what direction to go in to fix it. 


intJ 
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A) aOa1-Type Circuit Configuration 
during Start-Up. 


(Excludes Input Protection Devices.) 
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Figure 13. Oscillator Circuit Model Used 


In Start-Up Calculations 


The analysis used here is mathematically straightfor- 
ward but algebraically intractable. That means it's rela- 
tively easy to understand and program into a computer, 
but it will not yield a neat formula that gives, say, 
steady-state amplitude as a function of this or that list 
of parameters. A listing of a BASIC program that im- 
plements the analysis will be found in Appendix II. 


When the circuit is first powered up, and before the 
oscillations have commenced (and if the oscillationsfail 
to commence), the oscillator can be treated as a small 
signal linear amplifier with feedback. In that case, stan- 
dard small-signal analysis techniques can be used to 
determine start-up characteristics. 
The circuit model 


used in this analysis is shown in Figure 13. 


The circuit approximates that there are no high-fre- 
quency effects within the amplifier itslef. such that its 
high-frequency behavior is dominated by the load im- 
pedance ZL' This is a reasonable approximation for sin- 
gle-stage amplifiers of the type used in 805I-type devic- 
es. Then the gain of the amplifier as a function of fre- 
quency is 


4.807 
4._ 
4.101 
t--'---1 


Figure 14. Loop Gain versus Frequency 


(4.608 MHz Crystal) 


The gain of the feedback network is 


Zj 


f3 = Zj + Z, 


z· 
A 
ZL 
f3A = --' 
- x _"V__ 
Zj + Z, 
ZL + Ro 


The impedances ZL. Zr. and Zj are defmed in Figure 
13B. 


Figure 14 shows the way the loop gain thus calculated 
(using typical 805I-type parameters and a 4.60~ MHz 
crystal) varies with frequency. The frequency ofmterest 
is the one for which the phase of the loop gain is zero. 
The accepted criterion for start-up is that the magni- 
tude of the loop gain must exceed unity at this frequen- 
cy. This is the frequency at which the circuit is in reso- 
nance. It corresponds very closely with the antiresonant 
frequency of the motional arm of the crystal in parallel 
with CL. 


Figure IS shows the way the loop gain varies with fre- 
quency when the parameters of a 3.58 MHz cera.mic 
resonator are used in place of a crystal (the amphfier 
parameters being typical 8051. as in Figure 14). Note 
the different frequency scales. 


Figure 15. Loop Gain versus Frequency 
(3.58 MHz Ceramic) 


It is common, 
in studies 
of feedback 
systems, 
to exam- 


ine the behavior 
of the closed loop gain as a function 
of 


complex 
frequency 
s = 
(T + jw; specifically, 
to deter- 
mine the location 
of its poles in the complex 
plane. 
A 


pole 
is a point 
on the complex 
plane 
where 
the gain 


function 
goes to infinity. 
Knowledge 
of its location 
can 


be used 
to predict 
the 
response 
of the 
system 
to an 


input 
disturbance. 


The way that 
the response 
function 
depends 
on the lo- 


cation 
of the poles is shown 
in Figure 
16. Poles in the 


left-half 
plane 
cause 
the response 
function 
to take the 


form of a damped 
sinusoid. 
Poles in the right-half 
plane 


cause the response 
function 
to take the form of an expo- 
nentially 
growing 
sinusoid. 
In general, 


where a is the real part 
of the pole frequency. 
Thus 
if 


the pole is in the right-half 
plane, 
a is positive 
and the 


sinusoid 
grows. 
If the pole is in the left-half 
plane, 
a is 


negative 
and the sinusoid 
is damped. 


The 
same 
type 
of analysis 
can 
usefully 
be applied 
to 


oscillators. 
In this case, however, 
rather 
than 
trying 
to 


ensure 
that 
the 
poles 
are 
in the 
left-half 
plane, 
we 


would seek to ensure that they're 
in the right-half 
plane. 
An 
exponentially 
growing 
sinusoid 
is exactly 
what 
is 


wanted 
from 
an oscillator 
that 
has just 
been powered 


up. 
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Figure 16. Do You Know Where Your 


Poles Are Tonight? 


The 
gain function 
of interest 
in oscillators 
is I/(l 
- 


/3A). Its poles are at the complex 
frequencies 
where /3A 


= ILOO,because 
that value of /3A causes the gain func- 


tion to go to infinity. 
The oscillator 
will start 
up if the 


real part of the pole frequency 
is positive. 
More impor- 


tantly, 
the rate at which it starts 
up is indicated 
by how 


much greater 
than 0 the real part of the pole frequency 


is. 


The circuit 
in Figure 
13B can be used to find the pole 


frequencies 
of the 
oscillator 
gain 
function. 
All 
that 


needs to be done is evaluate 
the impedances 
at complex 


frequencies 
(T + jw rather 
than just at w, and find the 


value of (T + jw for which /3A = lLO·. The larger that 
value of (T is, the faster the oscillator 
will start 
up. 


Of course, 
other 
things 
besides 
pole frequencies, 
things 


like the VCC rise time, are at work in determining 
the 


start-up 
time. But to the extend 
that 
the pole frequen- 


cies do affect start-up 
time, 
we can obtain 
results 
like 


those 
in Figures 
17 and 
18. 


To obtain 
these figures the pole frequencies 
were com- 


puted 
for 
various 
values 
of 
capacitance 
Cx 
from 


XTALI 
and XTAL2 
to ground 
(thus 
CX! 
= CX2 = 


Cx). Then a "time 
constant" 
for start-up 
was calculat- 


1 
ed as Ts = - 
where 
(T is the real part 
of the pole fre- 


(T 
quency 
(rad/sec), 
and this time constant 
is plotted 
ver- 


sus Cx. 


inter 
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Figure 
17. Oscillator 
Start-Up 
(4.608 MHz Crystal 
from 
Standard 
Crystal 
Corp.) 


A short time constant means faster start-up. A long 
time constant means slow start-up. Observations of ac- 
tual start-ups are shown in the figures. Figure 17 is for 
a typical 8051 with a 4.608 MHz crystal supplied by 
Standard Crystal Corp., and Figure 18 is for a typical 
8051 with a 3.58 MHz ceramic resonator supplied by 
NTK Technical Ceramics, Ltd. 


It can be seen in Figure 17 that, for this crystal, values 
of Cx between 30 and 50 pF minimize start-up time, 
but that the exact value in this range is not particularly 
important, even if the start-up time itself is critical. 


As previously mentioned, start-up time can be taken as 
an indication of start-up reliability. Start-up problems 
are normally associated with CXl and CX2 being too 
small or too large for a given resonator. If the parame- 
ters of the resonator are known, curves such as in Fig- 
ure 17 or 18 can be generated to define acceptable 
ranges of values for these capacitors. 


As the oscillations grow in amplitude, they reach a lev- 
el at which they undergo severe clipping within the am- 
plifier, in effect reducing the amplifier gain. As the am- 
plifier gain decreases, the poles move towards the jw 
axis. In steady-state, the poles are on the jw axis and 
the amplitude of the oscillations is constant. 
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Figure 
18. Oscillator 
Start-Up 
(3.58 MHz Ceramic 


Resonator 
from 
NTK Technical 
Ceramics) 
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Figure 19. Calculated and Experimental Steady- 
State Amplitudes vs. Bulk Capacitance from 
XTAL 1 and XTAL2 to Ground 


Steady-state analysis is greatly complicated by the fact 
that we are dealing with large signals and nonlinear 
circuit response. The circuit parameters vary with in- 
stantaneous voltage, and a number of clamping and 
clipping mechanisms come into play. Analyses that 
take all these things into account are too complicated to 
be of general use, and analyses that don't take- them 
into account are too inaccurate to justify the effort. 


There is a steady-state analysis in Appendix B that 
takes some of the complications into account and ig- 
nores others. Figure 19 shows the way the steady-state 
amplitudes thus calculated (using typical 8051 parame- 
ters and a 4.608 MHz crystal) vary with equal bulk 
capacitance 
placed 
from 
XTALl 
and 
XTAL2 
to 


ground. Experimental results are shown for compari- 
son. 


The waveform at XTALl is a fairly clean sinusoid. Its 
negative peak is normally somewhat below zero, at a 
level which is determined mainly by the input protec- 
tion circuitry at XTALI. 


The input protection circuitry consists of an ohmic re- 
sistor and an enhancement-mode 
FET with the gate 


and source connected to ground (YSS), as shown in 
Figure 20 for the 8051, and in Figure 21 for the 8048. 
Its function is to limit the positive voltage at the gate of 
the input FET to the avalanche voltage of the drain 
junction. If the input pin is driven below YSS, the drain 
and source of the protection FET interchange roles, so 
its gate is connected to what is now the drain. In this 
condition the device resembles a diode with the anode 
connected to YSS. 


There is a parasitic pn junction between the ohmic re- 
sistor and the substrate. In the ROM parts (8015, 8048, 
etc.) the substrate is held at approximately - 3Y by the 
on-chip back-bias generator. 
In the EPROM 
parts 


(8751, 8748, etc.) the substrate is connected to YSS. 


The effect of the input protection circuitry on the oscil- 
lator is that if the XTALI signal goes negative, its nega- 
tive peak is clamped to - YDSof the protection FET in 
the ROM parts, and to about -0.5Y 
in the EPROM 


parts. These negative voltages on XTALI 
are in this 


application self-limiting and nondestructive. 


The clamping action does, however, raise the DC level 
at XTALl, which in turn tends to reduce the positive 
peak at XTAL2. The waveform at XTAL2 resembles a 
sinusoid riding on a DC I~vel, and whose negative 
peaks are clipped off at zero. 


Since it's normally the XTAL2 signal that drives the 
internal clocking circuitry, the question naturally arises 
as to how large this signal must be to reliably do its job. 
In fact, the XTAL2 signal doesn't have to meet the 
same YIH and YIL spe:cificationsthat an external driv- 
er would have to. That's because as long as the oscilla- 
tor is working, the on-chip amplifier is driving itself 
through its own O-to-I transition region, which is very 
nearly the same as tht: O-to-I transition region in the 
internal buffer that follows the oscillator. If some pro- 
cessing variations move the transition level higher or 
lower, the on-chip amplifier tends to compensate for it 
by the fact that its own transition level is correspond- 
ingly higher or lower. (In the 8096, it's the XTALl 
signal that drives the internal clocking circuitry, but the 
same concept applies.) 


The main concern about the XTAL2 signal amplitude 
is an indication of the general health of the oscillator. 
An amplitude of less than about 2.5Y peak-to-peak in- 
dicates that start-up problems could develop in some 
units (with low gain) with some crystals (with high R). 
The remedy is to either adjust the values ofCX) and/or 
CX2 or use a crystal with a lower R). 


The amplitudes at XTALl and XTAL2 can be adjusted 
by changing the ratio of the capacitors from XTALl 
and XTAL2 to ground. Increasing the XTAL2 capaci- 
tance, for example, decreases the amplitude at XTAL2 
and increases the amplitude at XTALl 
by about the 


same amount. Decreasing both caps increases both am- 
plitudes. 


inter 


Internal pin-to-ground and pin-to-pin capacitances at 
XTALI and XTAL2 wiIl have some effect on the oscil- 
lator. These capacitances are normally taken to be in 
the range of 5 to 10 pF, but they are extremely difficult 
to evaluate. Any measurement of one such capacitance 
wiIl necessarily include effects from the others. One ad- 
vantage of the positive reactance osciIlator is that the 
pin-to-ground capacitances are paralleled by external 
bulk capacitors, so a precise determination of their val- 
ue is unnecessary. We would suggest that there is little 
justification for more precision than to assign them a 
value of 7 pF 
(XTALl-to-ground 
and XTALl-to- 
XTAL2). This value is probably not in error by more 
than 3 or 4 pF. 


The XTAL2-to-ground capacitance is not entirely "pin 
capacitance," but more like an "equivalent output ca- 
pacitance" of some 25 to 30 pF, having to include the 
effect of internal phase delays. This value wiIl vary to 
some extent with temperature, processing, and frequen- 
cy. 


The on-chip amplifier on the HMOS MCS-51 family is 
shown in Figure 20. The drain load and feedback "re- 
sistors" are seen to be field-effect transistors. The drain 
load FET, RD' is typically equivalent to about lK to 3 
K-ohms. As an amplifier, the low frequency voltage 
gain is normally between - 10 and - 20, and the out- 
put resistance is effectively RD. 


The 80151 oscillator is normally used with equal bulk 
capacitors placed externally from XTALI 
to ground 


and from XTAL2 to ground. To determine a reason- 
able value of capacitance to use in these positions, given 
a crystal of ceramic resonator of known parameters, 
one can use the BASIC analysis in Appendix II to gen- 
erate curves such as in Figures 17 and 18. This proce- 
dure will define a range of values that will minimize 
start-up time. We don't suggest that smaller values be 


used than those which minimize start-up time. Larger 
values than those can be used in applications where 
increased frequency stability is desired, at some sacri- 
fice in start-up time. 


Standard Crystal Corp. (Reference 8) studied the use of 
their crystals with the MCS-51 family using skew sam- 
ple supplied by Intel. They suggest putting 30 pF ca- 
pacitors from XTALl and XTAL2 to ground, if the 
crystal is specified as described in Reference 8. They 
noted that in that configuration and with crystals thus 
specified, the frequency accuracy was ± 0.01% and the 
frequency stability was ± 0.005%, and that a frequency 
accuracy of ±0.005% 
could be obtained by substitut- 


ing a 25 pF fixed cap in parallel with a 5-20 pF trim- 
mer for one of the 30 pF caps. 


MCS-51 skew samples have also been supplied to a 
number of ceramic resonator manufacturers for charac- 
terization with their products. These companies should 
be contacted for application information on their prod- 
ucts. In general, however, ceramics tend to want some- 
what larger values for CX! and CX2 than quartz crys- 
tals do. As shown in Figure 18, they start up a lot faster 
that way. 


In some application the actual frequency tolerance re- 
quired is only I% or so, the user being concerned main- 
ly that the circuit will osciIlate. In that case, CX! and 
CX2 can be selected rather freely in the range of.20 to 
80 pF. 


As you can see, "best" values for these components and 
their tolerances are strongly dependent on the applica- 
tion and its requirements. In any case, their suitability 
should be verified by environmental testing before the 
design is submitted to production. 


The NMOS and HMOS MCS-48 oscillator is shown in 
Figure 21. It differs from the 80SI in that its inverting 
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amplifier is a Schmitt Trigger. This configuration was 
chosen to prevent crosstalk from the TO pin, which is 
adjacent to the XTALl pin. 


All Schmitt Trigger circuits exhibit a hysteresis effect, 
as shown in Figure 22. The hysteresis is what makes it 
less sensitive to noise. The same hysteresis allows any 
Schmitt Trigger to be used as a relaxation oscillator. 
All you have to do is connect a resistor from output to 
input, and a capacitor from input to ground, and the 
circuit oscill/ites in a relaxation mode as follows. 


If the Schmitt Trigger output is at a logic high, the 
capacitor commences charging through the feedback 
resistor. When the capacitor voltage reaches the upper 
trigger 
point 
(UTP), 
the 
Schmitt 
Trigger 
output 
switches to a logic low and the capacitor commences 
discharging through the same resistor. When the capac- 
itor voltage reaches the lower trigger point (LTP), the 
Schmitt Trigger output switches to a logic high again, 
and the sequence repeats. The oscillation frequency is 
determined by the RC time constant and the hysteresis 
voltage, UTP-LTP. 


The 8048 can oscillate in this mode. It has an internal 
feedback resistor. All that's needed is an external ca- 
pacitor from XTALl to ground. In fact, if a smaller 
external feedback resistor is added, an 8048 system 
could be designed to run in this mode. Do it at your own 
risk! This mode of operation is not tested, specified, 
documented, or encouraged in any way by Intel for the 
8048. Future steppings of the device might have a dif- 
ferent type of inverting amplifier (one more like the 
8051). The CHMOS members of the MCS-48 family do 
not use a Schmitt Trigger as the inverting amplifier. 


Relaxation oscillations in the 8048 must be avoided, 
and this is the major objective in selecting the off-chip 
components needed to c?mplete the oscillator circuit. 


When an 8048 is powered up, if VCC has a short rise 
time, the relaxation mode starts first. The frequency is 
normally about 50 KHz. The resonator mode builds 


more slowly, but it eventually takes over and dominates 
the operation of the cirucit. This is shown in Figure 
23A. 


Due to processing variations, some units seem to have a 
harder time coming out of the relaxation mode, partic- 
ularly at low temperatures. In some cases the resonator 
oscillations may fail entirely, and leave the device in the 
relaxation mode. Most units will stick in the relaxation 
mode at any temperature if Cx! is larger than about 50 
pF. Therefore, Cx! should be chosen with some care, 
particularly if the system must operate at lower temper- 
atures. 


One method that has proven effective in all units to 
-40°C 
is to put 5 pF from XTALI to ground and 20 


pF from XTAL2 to ground. Unfortunately, while this 
method does discourage the relaxation mode, it is not 
an optimal choice for the resonator mode. For one 
thing, it does not swamp the pin capacitance. Also, it 
makes for a rather high signal level at XTALI (8 or 9 
volts peak-to-peak), 


The question arises as to whether that level of signal at 
XTLAI 
might damage the chip. Not to worry. The 


negative peaks are self-limiting and nondestructive. The 
positive peaks could conceivably damage the oxide, but 
in fact, NMOS chips (eg, 8048) and HMOS chips (eg, 
8048H) are tested to a much higher voltage than that. 
The technology trend, of course, is to thinner oxides, as 
the devices shrink in size. For an extra margin of safety, 
the HMOS II chips (eg, 8048AH) have an internal di- 
ode clamp at XTALI to VCC. 


In reality, Cx! doesn't have to be quite so small to 
avoid relaxation oscillations, if the minimum operating 
temperature is not -40°C. 
For less severe temperature 


requirements, values of capacitance selected in much 
the same way as for an 8051 can be used. The circuit 
should be tested, however, at the system's lowest tem- 
perature limit. 


Additional security against relaxation oscillations can 
be obtained by putting a 1M-ohm (or larger) resistor 
from XTALl to VCC. Pulling up the XTALl pin this 
way seems to discourage relaxation oscillations as effec- 
tively as any other method (Figure 23B). 


Another thing that discourages relaxation oscillations is 
low VCC. The resonator mode, on the other hand is 
much less sensitive to VCC. Thus if VCC comes up 
relatively slowly (several milliseconds rise time), the 
resonator mode is normally up and running before the 
relaxation mode starts (in fact, before VCC has even 
reached operating specs). This is shown in Figure 23C. 


A secondary effect of the hysteresis is a shift in the 
oscillation frequency. At low frequencies, the output 
signal from an invertl:r without hysteresis leads (or 
lags) the input by 180 degrees. The hysteresis in a 
Schmitt Trigger, however, causes the output to lead the 


input by less than 180 degrees (or lag by more than 180 
degrees), by an amount that depends on the signal am- 
plitude, as shown in Figure 24. At higher frequencies, 
there are additional phase shifts due to the various reac- 
tances in the circuit, but the phase shift due to the hys- 
teresis is still present. Since the total phase shift in the 
oscillator's loop gain is necessarily 0 or 360 degrees, it 
is apparent that as the oscillations build up, the fre- 
quency has to change to allow the reactances to com- 
pensate for the hysteresis. In normal operation, this ad- 
ditional phase shift due to hysteresis does not exceed a 
few degrees, and the resulting frequency shift is negligi- 
ble. 
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230659-34 
A) When VCC Comes Up Fast, Relaxation Oscillations 
Start First. But Then the Crystal Takes Over. 


230659-35 
B) Weak Pullup (1 MO or More) on XTAL 1 
Discourages Relaxation Mode. 
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230659-36 
C) No Relaxation Oscillations When VCC Comes Up 
More Slowly. 


Kyocera, a ceramic resonator manufacturer, 
studied 


the use of some of their resonators (at 6.0 MHz, 8.0 
MHz, and 11.0 MHz) with the 8049H. Their conclu- 
sion as to the value of capacitance to use at XTAL I and 
XTAL2 was that 33 pF is appropriate at all three fre- 
quencies. One should probably follow the manufactur- 
er's recommendations 
in this matter, since they will 


guarantee operation. 


Whether one should accept these recommendations and 
guarantees without further testing is, however, another 
matter. Not all users have found the recommendations 
to be without occasional problems. If you run into diffi- 


culties using their recommendations, both Intel and the 
ceramic resonator manufacturer want to know about it. 
lt is to their interest, and ours, that such problems be 
resolved. 
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B) Inverter With Hysteresis: Output Leads 
Input by Less than 180". 


Figure 24. Amplitude-Dependent 
Phase 
Shift In Schmitt Trigger 


An oscillator design should never be considered ready 
for production until it has proven its ability to function 
acceptably well under worst-case environmental condi- 
tions and with parameters at their worst-case tolerance 
limits. Unexpected temperature 
effects in parts that 


may already be near their tolerance limits can prevent 
start-up of an oscillator that works perfectly well on the 
bench. For example, designers often overlook tempera- 
ture effects in ceramic capacitors. (Some ceramics are 
down to 50% of their room-temperature 
values at 


- 20·C and + We). The problem here isn't just one of 
frequency stability, but also involves start-up time and 
steady-state amplitude. There may also be temperature 
effects in the resonator and amplifier. 


lt will be helpful to build a-test jig that will allow the 
oscillator circuit to be tested independently of the rest 
of the system. Both start-up and steady-state character- 
istics should be tested. Figure 25 shows the circuit that 


SOURCE 
ORG 0000 
H 
JIIP 
START 
ORG OOOB H 
CPL 
Tl 
RETI 
ORG OOOIBH 
CPL 
PLI 
DJNZ P2.$ 
CPL 
PLO 
RETI 
START: 
MOV 
MOV 
MOV 


;TIMER 
I 
INTERRUPT: 


TOGGLE CRO TRIGGER 
DELAY 
TOGGLE VCC CONTROL 


THI, "'OFAH ;TIMER 
I 
RELOAD VALUE 


TLI, 
"'OFAH ;START 
TLI 
AT RELOAD VALU 


TMOD.#6IH 
;TIMER 
I 
TO COUNTER. 
AUTO 


;RELOAD 
;TIMER 
0 TO TIllER, 
16-BIT 


IE. #BAH 
;ENABLE TIMER 
INTERRUPTS 


;ONLY 


TCON. #50H 
;TURN ON BOTH TIllERS 


$ 
;IDLE 


+5V 
SO"I+q 


P1.00r 
P1.1 
TO 
OSCILLOSCOPE 


TRIGGER 


TO_~t 
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B) Oscillator Test!Circuit (Shown for 8051 Test) 


Figure 25. Oscillator Test Circuit and Software 
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was used to obtain the oscillator start-up photographs 
in this Application Note. This circuit or a modified 
version of it would make a convenient test vehicle. The 
oscillator and its relevant components can be physically 
separated from the control circuitry, and placed in a 
temperature chamber. 


Start-up should be observed under a variety of condi- 
tions, including low VCC and using slow and fast VCC 
rise times. The oscillator should not be reluctant to 
start up even when VCC is below its spec value for the 
rest of the chip. (The rest of the chip may not function, 
but the oscillator should work.) It should also be veri- 
fied that start-up occurs when the resonator has more 
than its upper tolerance limit of series resistance. (Put 
some resistance in series with the resonator for this 
test.) The bulk capacitors from XTALI and XTAL2 to 
ground should also be varied to their tolerance limits. 


The same circuit, with appropriate changes in the soft- 
ware to lengthen the "on" time, can be used to test the 
steady-state characteristics of the oscillator, specifically 
the frequency, frequency stability, and amplitudes at 
XTALI and XTAL2. 


As previously noted, the voltage swings at these pins 
are not critical, but they should be checked at the sys- 
tem's temperature limits to ensure that they are in good 
health. 
Observing these signals necessarily changes 


them somewhat. Observing the signal at XTAL2 re- 
quires that the capacitor at that pin be reduced to ac- 
count for the oscilloscope probe capacitance. Observing 
the signal at XTAL 1 requires the same consideration, 
plus a blocking capacitor (switch the oscilloscope input 
to AC), so as to not disturb the DC level at that pin. 
Alternatively, a MOSFET buffer such as the one shown 
in Figure 26 can be used. It should be verified by direct 
measurement that the ground clip on the scope probe is 
ohmically connected to the scope chassis (probes are 
incredibly fragile in this respect), and the observations 
should be made with the ground clip on the VSS pin, or 
very close to it. If the probe shield isn't operational and 
in use, the observations are worthless. 


Figure 26. MOSFET 
Buffer for Observing 
Oscillator 
Signals 


Frequency checks should be made with only the oscilla- 
tor circuitry connected to XTALl and XTAL2. The 
ALE frequency can be counted, and the oscillator fre- 
quency derived from that. In systems where the fre- 
quency tolerance 
is only "nominal," 
the frequency 


should still be checked to ascertain that the oscillator 
isn't running in a spurious resonance or relaxation 
mode. Switching VCC off and on again repeatedly will 
help reveal a tendency to go into unwanted modes of 
oscillation. 


The operation of the oscillator should then be verified 
under actual system running conditions. By this stage 
one will be able to have some confidence that the basic 
selection of components for the oscillator itself is suit- 
able, so if the oscillator appears to malfunction in the 
system the fault is not in the selection of these compo- 
nents. 


The first thing to consider in case of difficulty is that 
between the test jig and the actual application there 
may be significant differences in stray capacitances, 
particularly if the actual application is on a multi-layer 
board. 


Noise glitches, that aren't present in the test jig but are 
in the application board, are another possibility. Capac- 
itive coupling between the oscillator circuitry and other 
signal has already been mentioned as a source of mis.:" 
counts in the internal clocking circuitry. Inductive cou- 
pling is also possible, if there are strong currents near- 
by. These problems are a function of the PCB layout. 


Surrounding 
the oscillator components with "quiet" 


traces (VCC and ground, for example) will alleviate ca- 
pacitive coupling to signals that have fast transition 
times. To minimize inductive coupling, the PCB layout 
should minimize the areas of the loops formed by the 
oscillator components. These are the loops that should 
be checked: 


XTALl through the resonator to XTAL2; 
XTALI through CXl to the VSS pin; 
XTAL2 through CX2 to the VSS pin. 


It is not unusual to find that the grounded ends of CXl 
and CX2 eventually connect up to the VSS pin only 
after looping around the farthest ends of the board. Not 
good. 


Finally, it should not be overlooked that software prob- 
lems sometimes imitate the symptoms of a slow-starting 
oscillator or incorrect frequency. Never underestimate 
the perversity of a software problem. 
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APPENDIX 
A 
QUARTZ AND CERAMIC 
RESONATOR 
FORMULAS 


Based on the equivalent circuit of the crystal, the im- 
pedance of the crystal is 


Z 
- 
(Rl 
+ 
jWLl 
+ 
1/jWC1) 
(1/jwCO) 


XTAL - 
Rl 
+ jWLl 
+ 
1/jWCl 
+ 
1/jwCo 


After some algebraic manipulation, this calculation can 
be written in the form 


Z 
1 
1 - 
w2L1Cl 
+ jwR1Cl 


XTAL = jw(C1 
+ Co) • -1---w-2-L-1C-T-+-J-'w-R-l-C-T 


CT = 
C1CO 
Cl 
+ Co 


The impedance of the crystal in parallel with an exter- 
nal load capacitance CL is the same expression, but 
with Co + CL substituted for Co: 


Z 
II 
1 
1 - 
w2L1Cl 
+ jwR1Cl 


XTAL CL = jw(C1 
+ Co + CLJ • 1 - 
w2L1C'T 
+ jwR1C'T 


where C'T is the capacitance of Cl in series with (Co + 
Cd: 


C'T = 
Cl(CO 
+ CLJ 


Cl 
+ Co + CL 


The impedance of the crystal in series with the load 
capacitance is 


1 


ZXTAL + CL = ZXTAL + :--C 
JW 
L 


CL + C1 + Co 
1 - 
w2L1C'T 
+ jwR1C'T 


= jwCL (Cl 
+ CO)· 
1 - 
w2L1CT 
+ jwR1CT 


The phase angles of these impedances are readily ob- 
tained from the impedance expressions themselves: 


WR1Cl 


8XTAL = arctan 
2 
1 - 
W 
L1Cl 


_ arctan 
WRl CT 
1T 
1 - 
w2L1CT 
2 


_ arctan 
WRl C'T 
1T 
1 - 
w2L1C'T 
2 


WR1C'T 
8XTAL + CL = arctan 
2L C' 
1 - 
W 
1 
T 


_ arctan 
wR1 CT 
1 - 
w2L1CT 


The resonant ("series resonant") frequency is the fre- 
quency at which the phase angle is zero and the imped- 
ance is low. The antiresonant ("parallel resonant") fre- 
quency is the frequency at which the phase angle is zero 
and the impedance is high. 


Each of the above II-expressions contains two arctan 
functions. Setting the denominator of the argument of 
the first arctan function to zero gives (approximately) 
the "series resonant" frequency for that configuration. 
Setting the denominator of the argument of the second 
arctan function to zero gives (approximately) the "par- 
allel resonant" frequency for that configuration. 


For example, the resonant frequency of the crystal is 
the frequency at which 


- 
w2L1Cl 
= 0 


1 


Ws = ~L1Cl 


1 
fs=--- 
21TJL1Cl 
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It will be noted that the series resonant frequency of the 
"XTAL+ 
CL" configuration (crystal in series with CL) 


is the same as the parallel resonant frequency of the 
"XTALllcL" 
configuration 
(crystal in parallel with 


Cu. This is the frequency at which 


1 - 
w2L1C'T 
= 0 


1 


wa = ~L1C'T 


1 


la = 21T~L1C'T 


This fact is used by crystal manufacturers in the pro- 
cess of calibrating a crystal to a specified load capaci- 
tance. 


By subtracting the resonant frequency of the crystal 
from its antiresonant frequency, one can calculate the 
range of frequencies over which the crystal reactance is 
positive: 


1 (-S..) 
s 
2Co 


Given typical values for CI and Co, this range can 
hardly exceed 0.5% of fs. Unless the inverting amplifier 
in the positive reactance oscillator is doing something 
very strange indeed, the oscillation frequency is bound 
to be accurate to that percentage whether the crystal 
was calibrated for series operation or to any unspecified 
load capacitance. 


Equivalent Series Resistance 


ESR is the real part of ZXTAL at the oscillation fre- 
quency. The oscillation frequency is the parallel reso- 
nant 
frequency 
of the 
"XTALllcL" 
configuration 


(which is the same as the series resonant frequency of 
the "XTAL + CL" configuration). Substituting this fre- 
quency into the ZXTAL expression yields, after some 
algebraic manipulation, 


( 
CO)2 


"" Rl 
1 + CL 


The power dissipated by the crystal is I~RIowhere II is 
the RMS current in the motional arm of the crystal. 
This current is given by vx/lz\/, 
where Vx is the RMS 


voltage across the crystal, and Izd is the magnitude of 
the impedance of the motional arm. At the oscillation 
frequency, the motional arm is a positive (inductive) 
reactance in parallel resonance with (Co + Cu. There- 
fore IZII is approximately equal to the magnitude of the 
reactance of (Co + Cu: 


1 


IZ1/ = 21Tf(Co + CLl 


p = I~Rl= C~:IYRl 


= [211'1 (Co + CLl Vx]2 Rl 


The 
waveform 
of 
the 
voltage 
across 
the 
crystal 


(XTALl to XTAL2) is approximately sinusoidal. If its 
peak value is VCC, then Vx is VCC/,fi. Therefore, 


APPENDIX 
B 
OSCILLATOR 
ANALYSIS 
PROGRAM 


The program is written in BASIC. BASIC is excruciat- 
ingly slow, but it has some advantages. For one thing, 
more people know BASIC than FORTRAN. 
In addi- 


tion, a BASIC program is easy to develop, modify, and 
"fiddle around" with. Another important advantage is 
that a BASIC program can run on practically any small 
computer system. 


Its slowness is a problem, however. For example, the 
routine which calculates the "start-up time constant" 
discussed in the text may take several hours to com- 
plete. A person who finds this program useful may pre- 
fer to convert it to FORTAN, if the facilities are avail- 
able. 


The program was developed with specific reference to 
805I-type oscillator circuitry. That means the on-chip 
amplifier is a simple inverter, and not a Schmitt Trig- 
ger. The 8096, the 80C51, the 80C48 and 8OC49 all 
have simple inverters. The 8096 oscillator is almost 
identical to the 8051, differing mainly in the input pro- 
tection circuitry. The CHMOS amplifiers have some- 
what different parameters (higher gain, for example), 
and different transition levels than the 8051. 


The MCS-48 family is specifically included in the pro- 
gram only to the extent that the input-output 
curve 


used in the steady-state analysis is that of a Schmitt 
Trigger, if the user identifies the device under analysis 
as an MCS-48 device. The analysis does not include the 
voltage dependent phase shift of the Schmitt Trigger. 


The clamping action of the input protection circuitry is 
important in determining the steady-state amplitudes. 
The steady-state routine accounts for it by setting the 
negative peak of the XTALl signal at a level which 
depends on the amplitude of the XTALl signal in ac- 
cordance with experimental observations. It's an exer- 
cise in curve-fitting. A user may find a different type of 
curve works better. Later steppings of the chips may 
behave differently in this respect, having somewhat dif- 
ferent types of input protection circuitry. 


It should be noted that the analysis ignores a number of 
important items, such as high-frequency effects in the 
on-chip circuitry. These effects are difficult to predict, 
and are no doubt dependent on temperature, frequency, 
and device sample. However, they can be simulated to a 
reasonable degree by adding an "output capacitance" of 
about 20 pF to the circuit model (i.e., in parallel with 
CX2) as described below. 


The program asks the user to input values for various 
circuit parameters. First the crystal (or ceramic resona- 
tor) parameters are asked for. These are RI, LI, CI, 
and CO. The manufacturer can supply these values for 
selected samples. To obtain any kind of correlation be- 
tween calculation and experiment, the values of these 
parameters must be known for the specific sample in 
the test circuit. The value that should be entered for CO 
is the COof the crystal itself plus an estimated 7 pF to 
account for the XTALl-to-XTAL2 
pin capacitance, 


plus any other stray capacitance paralleling the crystal 
that the user may feel is significant enough to be includ- 
ed. 


Then the program asks for the values of the XTALI-to- 
ground 
and 
XTAL2-to-ground 
capacitances. 
For 


CXTALI, enter the value of the externally connected 
bulk capacitor plus an estimated 7 pF for pin capaci- 
tance. For CXTAL2, enter the value of the externally 
connected bulk capacitor plus an estimated 7 pF for pin 
capacitance plus about 20 pF to simulate high-frequen- 
cy roll-off and phase shifts in the on-chip circuitry. 


Next the program asks for values for the small-signal 
parameters of the on-chip amplifier. Typically, for the 
805118751, 
Amplifier Gain Magnitude 
Feedback Resistance 
Output Resistance 


IS 
2300 KO 
2KO 


The same values can be used for MCS-48 (NMOS and 
HMOS) devices, but they are difficult to verify, because 
the Schmitt Trigger does not lend itself to small-signal 
measurements. 


100 DEFDBL 
C,D,F,Q,L,P,R,S,X 


200 REM 
300 
REM *** •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 


400 REM 
500 REM 
600 REM 
700 REM 
800 REM 
FNZM(R, X) = MAOIHTUDE 
OF A COMPLEX 
NUMBER, 
:R+JX: 


900 
DEF FNZM(R,XI 
= SQR(RA2+XA21 


1000 RE'1 
1100 REM 
FNZP II',X I 
1200 
REM 


1300 REM 
1400 REM 
1500 DEF FNZP(R,XI 
1600 REM 
1700 REM 
1800 REM 
1900 REM 
2000 
DEF 


2100 
DEF 


2200 
REM 


2300 
REM 
2400 
REM 
2500 
REM 


2600 
REM 


2700 
DEF 


2800 
DEF 


2900 
REM 


3000 
REM 


3100 
REM 


3200 
REM 
3300 
REM 


3400 
REM 


3500 
DEF 


3600 
DEF 


3700 
REM 


3800 
REM 


3900 
REM 


4000 REM 
4100 
DEF 


4200 
DEF 


4300 
REM 


4400 
REM 


4500 
REM 


4600 REM 
4700 
REM 


4800 
REM 


4900 
REM 


5000 REM 
:HOO REM 
5200 REM 
5300 REM 
5400 
REM 


5500 
DEF 


5600 
DEF 


5700 REM 
~800 
REM 
•••••••••••••••••••••••••••••• 
** •••••• 
*•• * ••••••••••••••• 
** ••••••••••• 


5900 REM 
6000 
REM 


6100 
REM 
6200 
LET PI = 3, 141592654. 


6300 
REM 
6400 
REM 
6'00 
COSUB 
14'00 
6600 
REM 


6700 
REM 
ESTABLISH 
NDllINAL RESONANT 
AND ArHIRESONANT 
CRYSTAL 
FREQUENCIES 


6800 
FS ~ FIX(1/(2*PI.SQR(Ll*Cl») 
6900 
FA • 
FIX(1/(2*PI.SQR(Ll.Cl*CO/(Cl+~O))i 
7000 PRINT 
7100 PRINT 
"XTAL 
IS SERIES 
RESONANT 
AT 
",FS," 
HZ" 


7200 PRINT 
PARALLEL 
RESONANT 
AT 
",FA, 
HZ" 
7300 
PRWT 


7400 
PRINT 
"SELECT 


7500 
PRINT 


7600 PRINT 
7700 
PRINT 
'800 PRINT 


ANGLE 
OF A COMPLEX 
NUMBER 
180/PI*ARCTANIX/RI 
IF 1'>0 
180/PI*ARCTAN( XII'l + 180 
IF 1'<:0AND 
DO 
180/PI*ARCTAN(XlRl 
.. 180 
IF 1'<:0AND 
X(O 


= 
180/PI*ATN(X/RI 
- 
ISGNIRI-ll*SGNIXI*90 


INDUCTIVE 
IMPEDANCE 
AT CDl1PLEX FREQUENCY 


Z ~ 2*PI*S*L 
+ 
J2*Pl*F*L 


= 
FNRL(S,L> 
+ 
JFNXL(F,L) 
FNRL(SL,LLI 
= 2.*PI*SL*LL 
FNXLIFL,LL) 
= 2.*PI*FL*LL 


CAPACITIVE 
IMPEDANCE 
AT COMPLEX 
FREQUENCY 
S+JF 
1HZ) 


Z ~ 
l/C2*PI*(S+JF).CJ 


= S/C2.PI.(S·2+F~2).CJ 
+ 
J(-F)/(2*PI*(SA~+FA2}Cl 


= ~NRC(S,F.C) + 
JFNXC(S,F,C) 
FNRC(SC,FC,CCI 
= SC/12.*PI'(SC'2+FC'21*CCI 


FNXC<SC,FC,CC> 
= -FC/(2 ••PI.(SCA2+FC~2).CC) 


RB+JX3 
RBA2+XB~2 
RBA2+XBA2 


FNRRIRA,XA,RB,XB7 
~N~:~:~a~~~:~a~~;R;,,4~~~~~~A,XA,RB,XBI 
FNXR(RA, XA,RB, XB) • 
(XA*RB-XB*RAI/IRBA2+XBA21 


PRODUCT 
OF 
TWO COMPLEX 
NUMBERS 


IRA+JXAI*(RB+JXB) 
RA*RB-XA*XB 
+ J'XA*RB+RA*XB) 


E FNRMIRA,XA,RB, 
XBI + 
JFNXM(RA,XA,RB,XBI 
FNRM(RA,XA,RB, 
XBI 
RA*RB 
- XA*XB 
FNXMIRA,XA,RB,XBI 
= RA*XB 
+ RB*XA 


• FNRP(RA, XA,RB,XB) 
+ JFNXP(RA, XA,RB, XBl 
FNRP(RA, XA,RB, XB) = 
'RA*'RB"2+XB"21 
+ RB*IRA'-2+XAA2) I/( 
(RA+RB)A2 
+ 
(XA+XBIA21 
FNXPIRA, XA,RB, XB) = 
IXA*(RB'-'2+XB'21+ XB*(RA"'2+XAA2) )/1 
(RA+RB)A2 
+ 
(XA+XBIA21 


LIST 
PARAMETERS" 


CIRCUIT 
ANALYSIS" 
OSC ILLATJm. FREOUEr;c;" 
~nART--UP 
1IME 
CONSTANT" 
STEADY-STATE 
ANAl.y·SIS" 


inter 


7900 
PRINT 
80VO 
INPUT 
N 
8100 
IF 
N-I 
THEN 
PRINT 
ELSE 
8600 
8200 
REM 
8300 
REM 
-------------- 
-------- 
LIST 
PARAMETERS 
---------------------------- 
8400 
QOSUB 
17100 
8500 
QOTO 
6800 
8600 
IF 
N-2 
THEN 
PRIN1- 
ELSE 
9400 
8700 
REM 
9900 
REM 
---------.- 
..-------- 
CIRCUIT 
ANALYSIS 
--------------------------- 


8900 
PRINT" 
FREQUENCY 
S .• ,JF 
TVPE 
(5), 
cF) 
.• 


9000 
INPUT 
sO.FO 
9100 
QOsUB 
20200 
9200 
QOSUB 
26600 
9300 
QOTO 
6800 
9400 
IF 
N-3 
THEN 
10300 
ELSE 
11000 
9500 
REM 
9600 
RE" 
------------------ 
OSCILLATION 
FREQUENCY 
------------------------ 


9700 
CL 
• CX.CY/(CX+C~) + 
CO 
9800 
FG 
a 
FIX(1/(2*PI4SQR(Ll*Cl*CL/CCl+CI.») 
9900 
50 - 0 
10000 
OF 
• 
FIX(10"'·INTCLOQ(FA-FS)/LOG(101-2)+. 
5) 


10100 
OS 
- 
0 
10200 
RETURN 
10300 
QOSUD 
9700 
10400 
QOsUD 
30300 


10500 
PRINT 
10600 
PRINT 
10700 
PRINT 
"FREOUENCY 
AT 
WHICH 
LOOP 
GAIN 
HAS 
ZERO 
PHASE 
ANGLE. 
" 
10800 
GOSUB 
26600 


10900 
GOTO 
6800 
11000 
IF 
N-4 
THEN 
PRINT 
ELSE 
12200 


11100 
REM 
11200 
REM 
---------------- 
START-UP 
TIME 
CONSTANT 
------------------------- 


11300 
PRINT 
"THIS 
WILL 
TAKE 
SOME 
TIME 


11400 
GOSUB 
9700 
11500 
GOSUB 
37700 
11600 
PRINT 
11700 
PRINT 
11800 
PRINT 
"FREOUENCY 
AT 
WHICH 
LOOP 
GAIN· 
I AT 
0 
DEGREES" 


11900 
GOsUB 
26600 


12000 
PRINT 
PRINT 
"THIS 
YIELDS 
A START-UP 
TI"E 
CONSTANT 
OF 
"jC5NQ(lOOOOOO!/(2*PI*SO»;" 
"ICROSECS" 


12100 
GOTO 
6800 
, 
12200 
IF 
N-5 
THEN 
PRINT 
ELSE 
7300 
12300 
REM 
12400 
REM 
---------------- 
STEADY-STATE 
ANALYSIS 
--------------------------- 


12500 
PRINT 
"STEADY-STATE 
ANALYSIS" 
12600 
PRINT 
12700 
PRINT 
"SELECT: 


l2BOO 
PRINT 
" 
12900 
PRINT 
13000 
PRINT" 


13100 
INP\lT 
ICX 


13200 
IF 
ICX,1 
OR 
ICX~~ 
THEN 
12600 
13300 
GOSUB 
46900 


13400 
GOTO 
7300 
13500 
REM 
SUBROUTINE 
3ELOW 
DEFINES 
I"PUT-OUTPUT 
CURI,IE OF 
OSCILLATOR 
CKT 


13600 
IF 
ICX>2 
AND 
1,10-5AND 
1,11<2THEN 
RETURN 


13700 va • 
-IO_VI 
+ 
15 
13800 
IF 
1,10>5THEN 
1,10• 
5 
13900 
IF 
1,10,2 
THEN 
1,10- 
2 
14000 
IF 
ICX>2 
AND 
UO>2 
THEN 
UO 
= 
5 


14100 
RETURN 
14200 
REM 
14300 
REH ••••••••••••••••••••••••••••••••••••• 
* •••••••••••••••••••••••• 


14400 
REM 
14500 
REM 
14600 
REM 
14700 
INPUT" 
RI 
<OHMS) 
",RI 


14800 
INPUT" 
LI 
<HENRY''',L1 
14900 
INPUT" 
CI 
<PF)"; 
X 


15000 
Cl 
• 
X.1E-12 
15100 
INPUT" 
CO 
<PF. ". X 


15200 
CO 
• 
X*1E-12 
15300 
INPUT" 
CXTALI 
(PF)"; X 
15400 
CX 
- 
X*IE-12 
15500 
INPUT" 
CXTAL2 
<PFl", X 
15600 
CY 
- 
HIE-12 


1. 
8031/8051" 
2. 
8751" 
3. 
8035/8039/8040/8048/8049" 
4 
8748/8749" 


inter 


1~700 
15800 
15900 
16000 
16100 
16200 
16300 
16400 
16500 
16600 
16700 
16800 
16900 
17000 
17100 
17200 
17300 
17400 
17500 
17600 
17700 
17800 
17900 
18000 
18100 
18200 
18300 
18400 
18500 
18600 
18700 
18800 
18900 
19000 
19100 
19200 
19300 
19400 
19500 
19600 
19700 
19800 
19900 
20000 
20100 
20200 
20300 
20400 
20500 
20600 
20700 
20800 
20900 
21000 
21100 
21200 
21300 
21400 
;/1500 
;/1600 
;/1700 
;/1800 
21900 
22000 
22100 
;/2200 
;/2300 
22400 
22500 
22600 
22700 
;/2800 
22900 
23000 
23100 
23200 
23300 
23400 


INPUT" 
GAIN 
FACTOR 
MAGNITUDE".AV. 
INPUT 
" 
AMP 
FEEDBACK 
RESISTANCE 
(K-OHMS)",X 
RX 
= 
"*1000. 
INPUT" 
AMP 
OUTPUT 
RESISTANCE 
'K-OHMS)", 
X 
RD 
= 
)(*1000" 
REM 
REM 
REM 
GOSUB 
17100 
RETURN 
REI1 
REI1 
REM 
••**.* ••• *.* ••*.* ••••• ~••• *~* •••• 
~~ •••• **•••• **•••••• *•••• *.*. 
REI1 
REf" 
REM 
PRINT 
PRINT 
"CURRENT 
PARAMETER 
VALUES 
PRINT 
PRINT 
PRINT 
PRINT 
PRINT 
PRINT 
PRINT 
PRINT 
PRINT 
PRINT 
"TO 
CHANGE 
A 
PARAMETER 
VALUE, 
TYPE 
'PARAM 
NO 
). 'NEW 
VALUE) 
.. 
PRINT 
"OTHERWISE, 
TYPE 
0,0 
.. 
INPUT 
N'l..X 
IF 
N'l.=O THEN 
IF 
N'l.=1 THEN 
IF 
N'l.=2 THEN 
IF 
N'l.=3 THEN 
IF 
N'l.=4 THEN 
IF 
N'l.=5 THEN 
IF 
N'l.=6 THEN 
IF 
N'l.-7 THEN 
IF 
N'l.-8 THEN 
IF 
N'l.=9 THEN 
GO TO 
17400 
REM 
REM 
REM 
•••••••••••••• 
__ •••••••••••• 
_ •••• __ ••••••• 
__ ._----_ 
•••• _** •••• 


REM 
REM 
REM 
REM 
REM 
REM 
REM 
XI 
= 
RE = 
XE 
= 
REM 
REM 
2. 
RF 
+ 
JXF 
REM 
RF 
= 
FNRP'RX.O.RE, 
XE) 
XF 
= 
FNXP(RX.O.RE,XEl 
REM 
REM 
3. 
Input 
impedance 
II 
REM 
RI 
- 
FNRC 
'SQ, FQ. C') 
XI 
= 
FNXC'SQ.FQ.C') 
REM 
REM 
4 
Load 
impedance. 
REM 
RL 
= 
FNRP 
«RF+R 
I) 
(XF+X 
I), 
FNRC 
(SO· FQ, CV), 
Fr"XC (SQ, 
FQ, 
CV» 


XL 
= 
FNXP«RF+RI 
,(XF+XILFNRCtSQ,r·Q.CY).r:"NXC<SO,FO,CY» 
REM 
REM 
5 
Ampllfl~r 
gaIn 
A 
= 
-AV.ZL/IZL~~O) 
REM 
::, 
Aire~li 
.•. 
.iAClmagina'ry) 
REM 
AR4t 
= 
-AVtt.FNRR 
(PL. 
XL. 
I RO+PL) 
, )'L) 
AI. 
= 
-AV •• 
FNlCP(RL. 
XL, 
~RU+RL), 
YLl 
REM 
REM 
6 
Feedbat~ 
ratlo 
(~~tai 
REM 


Rl 
", RI." 
OHMS" 
2 
Ll 
",CSNG(Ll);" 
HENRY" 
3 
CI 
", CSNG(CI*IE+12)," 
PF" 
4 
CO", 
CSNG(CO*lE+12L" 
PF" 
5 
CXTALI 
=- 
", 
CSNG(CX*lE+12), 
II 
PF" 
6 
CXTAL2 
= 
", CSNG(CY*lE+12)," 
PF" 
AMPLI 
F IER 
GA IN 
MAGN 
!TUDE 
", AV. 
FEEDBACK 
RESISTANCE 
".CSNG(RX* 
001)." 
K-oHMS" 
OUTPUT 
RESISTANCE 
",CSNG(RO* 
001)." 
K-OHMS" 


RETURN 
RI 
X 
L1 
X 
Cl 
X*lE-12 
eo 
X*lE-12 
ex 
X*lE-12 
ev 
= 
X*lE-12 
AV. 
= X 
RX 
x*tOOO' 
RO 
= 
X*IOOO' 


FNXL(FQ.Lli 
+ 
FNXC(SQ,FQ.Clj 
FNRP, 
'RI+FNRL<SQ. 
L1) +FNRC' 
SQ, Fl), C I», 
X I. FNRC 
(SQ, FQ. CO), FNXC 
'SQ. FQ. CO» 
FNXP"RI+FNRL'SQ.LI)+FNRC'SQ,FQ,CI», 
XI,FNRC'SQ.FQ.CO).FNXC'SQ.FQ.CO» 


23'00 
23bOO 
;!3700 
~3800 
23900 
24000 
24100 
;!4200 
24300 
24400 
24500 
24bOO 
24700 
24800 
24900 
2'000 
2'100 
2'200 
2'300 
2'400 
2:1:100 
2'bOO 
25700 
2,eOO 
25900 
2bOOO 
2bl00 
2b200 
26300 
26400 
26500 
26600 
26700 
26800 
26900 
27000 
27100 
27200 
27300 
27400 
27500 
27600 
27700 
27800 
27900 
28000 
28100 
28200 
28300 
28400 
28500 
28600 
28700 
28800 
28900 
29000 
29100 
29200 
29300 
29400 
29500 
29600 
29700 
29800 
29900 
30000 
30100 
30200 
30300 
30400 
30'00 
30600 
30700 
30800 
30900 
31000 
31100 
31200 


REM 
BR. 
~ FNRR (RI,XI,(RI+RF), IXI+XF) 1 


Da 
= FNXRIRI. XI, IRI>RFI, In+XF» 
REM 
REM 
7 


REM 
A - FNZM(AR.,AI.) 
AP = FNZP(AR.,AI.) 
REM 
REM 
8 
<beta) 
In 
magnitude/pha,e 
form 
B~+JBI 
a 
B 
at 
BP 
d.gr •• ~ 


REM 
D • FNZMIDR.,DI.) 
DP - FNZPIDR.,DI.) 
REM 
REM 
9 
Loop 
gaIn 
G 
= 
(OR+JDI).cAR+JAI) 


REM 
"'"'GCreal) 
+ 
JG(lmagl"ar~) 


REM 
GR = FNRMIAR.,AI.,DR.,DI., 
GI 
- FNXMIAR.,AI.,BR.,DI.) 
REM 
REM 
10 


REM 
AL - FNZMIGR,GI) 
Ao - FNZPIGR,GII 
RETURN 
REM 
REM 
REM 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 


REM 
REM 
REM 
PRINT 
PRINT" 
FREOUENCY 
• ",SO," 
+ ,J",FO," HZ" 
PRINT" 
HAL 
IMPEDANCE 
= 
", FNZMIRE. XE'," 
OHMS 
AT 
",FNZPIRE, XE)," 
DEGREES" 
PRINT" 
IRE = ",CSNG(RE)," 
OHMS)" 
PR INT 
" 
IXE ~ ",CSNG IXE) ," OHMS)" 
PRINT" 
LOAD 
IMPEDANCE 
",FNZMIRL,XLl," 
OHMS 
AT 
",FNZPIRL,XLl," 
DEGREES" 
PRINT 
AMPLIFIER 
GAIN 
= 
",A," AT 
",AP," 
DEGREES" 


PRINT" 
FEEDBACI( RATIO 
= ",D," AT 
",DP," 
DEGREES" 


PRINT" 
LOOP 
GAIN 
= 
",AL'" 
AT 
",AD," 
DEGREES" 


RETURN 
REM 
REM 
REM 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 


REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
GOSUB 
20200 


GOSUB 
26600 


IF GI-O 
THEN 
RETuRN 


SXX· 
INT(SGNIGI» 
IF 
SXY.-+l 
THEN 
OS 
• 
-OS 


REM 
(REVERSAL 
OF DS FOR CI:O 
IS FOR 
THE POLE-SEARCH 
ROUTINE) 
REM 
REM 
2 
INCREMENT 
THE FREOUENCV 


REM 
SP 
• 
50 


This 
routine 
s.arches 
for 
the 
fr.~uency 
at 
which 
the 
im.gin.r~ 
part 


of 
the 
loop 
gaIn 
is 
zero 
The 
algorIthm 
IS 
a' 
follo~s: 


1 
Calculate 
the 
sign 
of 
the 
imagInary 
part 
of 
the 
loop 
gain 
(QI>. 


2 
Increment 
the 
frequency. 


3. 
C.lculate 
th. 
sIgn 
0' 
GI 
at 
the 
incremented 
fr.qu.nc~. 
4. 
If 
th. 
lign 
of 
01 
h.s 
not 
ch.nged. 
go 
b.ck 
to 
2. 


" 
If 
the 
sIgn 
of 
Gl 
h.~ changed, 
and 
this 
frequ.nc~ is 
within 


1Hz 
of 
the 
previous 
~lgn-ch.nge. 
e.it 
the 
routIne 
6. 
Otherwls 
•• 
divide 
the 
frequenc~ 
increment 
b~ 
-10. 


7. 
00 
b.clc 
to 
2 


The 
routine 
15 
entered 
WIth 
the 
st.rtlng 
'requencv 
SO+JFO 
and 


starting 
increm.nt 
DS+JOF 
alre.d~ 
defined 
b~ 
the 
calling 
program. 
In 
actual 
use 
either 
OS 
or 
OF 
IS 
Iero. 
so 
the 
routine 
search 
•• 
for 


• 
GJ~O 
pOInt 
b~ 
lncrementlng 
elther 
SO 
or 
FO 
while 
holding 
the 
other 
conltant. 
It 
return. 
control 
to 
t~e 
calling 
program 
with 
the 


incremented 
part 
of 
the 
fr.qver.c~ being 
wIthin 
1Hz 
of 
the 
actu.l 


01=0 
pOInt 


31300 
31400 
31500 
31600 
31700 
31800 
31900 
3:2000 
32100 
32200 
32300 
32400 
32500 
32600 
32700 
32800 
32900 
33000 
33100 
33200 
33300 
33400 
33500 
33600 
33700 
33800 
33900 
34000 
34100 
34200 
34300 
34400 
34500 
34600 
34700 
34800 
34900 
35000 
35100 
35200 
35300 
35400 
35500 
35600 
35700 
35800 
35900 
36000 
36100 
36200 
36300 
36400 
36500 
36600 
36700 
36800 
36900 
37000 
37100 
37200 
37300 
37400 
37500 
37600 
37700 
37800 
37900 
38000 
38100 
38200 
38300 
38400 
38500 
38600 
38700 
38800 
38900 
39000 


FP 
SO 
FO ~ 
REt1 
REM 
3 
REM 
~OSUD 
20:200 
~OSUD 
:26600 
IF INT(SGN(GI)I=0 
THEN 
RETURN 
REM 
REM 
4 
REM 
IF SX7.+INT(5GN(GI»:0 
THEN PRINT 
ELSE 
31400 
SX7. = -SX7. 
REM 
REM 
5 
REM 
REM 
REM 
REt1 
IF ADS(SP-SOI(1 
AND ABS(FP-FQ):I 
AND SX7.=-1 THEN RETURN 


REM 
REM 
6 
REM 
OS ~ -05/10. 
OF = -DF/IO. 
REM 
REM 
7 
GO BACK 
TO 2 
REM 
~OTO 
31:200 
REM 
REt1 
REM 
*•• ** •••• *** ••••••••••• 
** •••••••••••••••••••••••••••••••••••• 
* 


REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
~OSUB 
9700 


~OSUB 
30300 
REM 
REM 
REM 
SY'l. 
= 
INT<SGN(AL··l'») 
IF SY7.=-1 THEN 
STOP 
REM 
ESTABLISH 
INITIAL 
INCREMEfHATION 
VALUE 
FOR FQ 
FI ~ FO 
OF : (FA-FI)/IO. 
~OSUD 
30300 


DE 
(FG-FII/IO. 
OF 
0 
FG : FI 


- FG 
SQ + 05 
FG + OF 


IF THE SIGN 
OF ~I HAS CHANGED. 
AND 
IF THIS FREQUENCY 
IS WITHIN 


1HZ 
Of" 
'!~E 
PREVI!lVS 
5!GN-CH'~~'1GE; ,~ND !F 
G! 
!S 
NEG:AlT!VEI 
THEN 


EXIT 
TH~ ROUTINE 
<TH. ADDITIONAL 
REGUIREMENT 
FOR NEGATIVE 
~I 


15 FOR 
THE POLE-SEARCH 
ROUTINE 
I 


This 
routine 
searches 
for 
the 
fr.~u.ncy 
at 
which 
the 
loop 
gain 
z 
1 
at 
0 
degrees 
That 
~r.quenc~ 
IS 
t~e 
pole 
frequency 
of 
the 
closed- 


loop 
gain 
function 
The 
pole 
frequency 
is 
• 
compl 
•• 
number. 
SO+JFO 


(Hz) 
OSCillator 
start-up 
ensues 
If 
50:0 
The 
algorithm 
15 
based 
on 
the 
calculated 
behaVior 
of 
the 
phase 
."gl. 
of 
the 
loop 
gain 
In 
the 
region 
of 
Interest 
on 
the 
complex 
plane 
The 
locus 
of 
pOints 
of 
zero 


phase 
.ngle 
crosses 
the 
J-axls 
at 
the 
o5cl1lation 
fre~uenc~ 
and 
at 
some 
hlgher 
ir.~u.nc~. In 
between 
these 
two 
crosSlngs 
of 
the 
J-axiw. 
the 
locus 
lIes 
In 
Guadrant 
I 
of 
the 
comple, 
plane. 
forming 
an 


approximate 
parabola 
which 
opens 
to 
the 
left 
The 
baSIC 
plan 
is 
to 
follow 
the 
locus 
from 
where 
It 
crosses 
the 
J-aIIS 
at 
the 
oscillation 


fre~uenc~. 
JntD 
Quadrant 
r. 
and 
fInd 
the 
pDlnt 
on 
that 
locus 
where 
the 
loop 
gain 
has 
a 
magnitude 
Df 
1 
The 
algorithm 
is 
as 
fDIIDws: 
1 
Find 
thl? 
oscillation 
frequency. 
O+JFG 
2. 
At 
thJS 
frequency 
calculate 
the 
Sign 
of 
(AL-l) 
(AL 
= 
magnitude 


Df 
IODp 
gain. 
) 
3. 
Increment 
FG. 
4 
For 
thIS 
value 
of 
Fa. 
fInd 
the 
value 
of 
sa 
for 
which 
the 
loop 


gain 
has 
zero 
phase 
For 
thiS 
value 
of 
SG+JFQ, 
calculate 
the 
Sign 
of 
cAL-l) 


If 
the 
sign 
of 
CAL-l) 
~as 
not 
changed, 
go 
back 
to 
3 


If 
the 
SIgn 
of 
(AL-l) 
has 
changed. 
and 
thiS 
value 
of 
FQ 
15 


Within 
1Hz 
of 
the 
prevJOUS 
Sign-change 
.• 
Xlt 
the 
routine. 


S 
OtherwJse. 
diVide 
the 
FO-Jncrement 
by 
-10 


9 
Go bac ~ 
tD 
3 


inter 


39100 
REM 
39200 
REM 
3 
INCREMENT 
FG 
39300 
REM 
39~00 
FG - FG + DE 


39'00 
REM 


39600-REM 
39700 
REM 


39BOO 
REM 
39900 
REM 
~OOOO 
REM 


40100 
OS - 1000_ 
40200 
SG - 0 
40300 
OOSUB 
30300 
40400 
IF AL-I' 
THEN 
RETURN 


40'00 
REM 


40600 
REM 
, 


40700 
REM 
6. 


40BOO 
REM 
40900 
IF SY%+INT(SON(AL-I')-O 
THEN 
PRINT 
EL5E 
39400 
41000 
REM 
41100 
REM 
7. 


41200 
REM 
41300 
REM 
41400 
IF ABS(FI-FOl<1 
THEN 
RETURN 


41'00 
REM 
41600 
REM 
41700 
REM 
41800 
DE - -DEliO_ 
41900 
Fl - FO 
42000 
SYX 
- -SYX 
42100 
REM 
42200 
REM 
9. 00 BACK 
TO 3. 


42300 
REI1 
42400 
OOTO 
39400 
42500 
REI1 
42600 
REM 
42700 
RE" 
••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
42800 
REM 
42900 
REI1 
43000 
REI1 
43100 
REM 


43200 
REI1 


43300 
REM 
43400 
REM 


43500 
REM 


43600 
REI1 


43700 
REI1 
43800 
REI1 
43900 
REM 


44000 
REI1 
44100 
REM 
44200 
REM 
44300 
REM 


44400 
REI1 


44500 
REI1 


44600 
REI1 
44700 
REM 


44BOO 
REI1 


44900 
REI1 


45000 
REI1 


45100 
REM 


45200 
REM 
45300 
REM 


45400 
REI1 


45500 
REI1 
45600 
REI1 


45700 
REI1 


~5BOO 
REI1 


45900 
REM 
46000 
REM 
7. 


46100 
REI1 


~6200 
REM 
8 


~6300 
REM 


46400 
REM 


46500 
REM 
9 


~6600 
REI1 


~6700 
REM 


46BOO 
REI1 


4. FOR 
THIS 
VALUE 
OF FQ. 
FIND 
THE VALUE 
OF 50 FOR 
WHICH 
THE LOOP 
OAIN 
HAS 
ZERO PHASE 
(THE ROUTINE 
WHICH 
DOES 
THAT 
NEEDS 
OF - O. 
SO THAT 
IT CAN HOLD 
FG CONSTANT. 
AND 
NEEDS 
AN 
INITIAL 
VALUE 
FOR 
OS. WHICH 
15 ARBITRARILY 
SET 
TO 05 = 
1000 
) 


The 
circuit 
model 
used 
in 
thIS 
.n.l~sis 
IS 
sImilar 
to 
the 
one 
used 
in 
the 
small-sign.l 
.n.l~sis. but 
di"ers 
from 
it 
in 
t~o 
respects. 


First. 
it 
includes 
clamping 
and 
clipping 
.ffects 
described 
in 
the 
text. 
Second. 
the 
voltage 
source 
in 
the 
Thev.nin 
equivalent 
of 
the 
amplifier 
IS 
controlled 
b~ 
the 
input 
voltage 
In 
accordance 
with 
an 
input-output 
curve 
defined 
elsewhere 
in 
the 
program. 


The .n.l~sis 
applIes a SInusoidal 
input SIgnal of .rbitr.r~ 
amplitude. 
at 
the 
OSCIllatIon 
frequenc\I. 
to 
the 
XTALI 
pin. 
then 
calculates 
the 
Tesultlng 
waveform 
from 
the 
voltage 
source. 
Using 
standard 
Fourler 
techni~u.s, 
the 
fundamental 
fre~u.nc~ 
component 
of 
this 
waveform 
is 
extracted 
This 
frequ.nc~ 
component 
is 
then 
multiplied 
b~ 
tlH! factor 
:ZL/(ZL+ROI:, 
and 
the 
result 
is 
taken 
to 
bl 
the 
signal 
appearing 
at 
the 
XTAL2 
pin. 
This 
signal 
is 
then 
multiplied 
bV 
the 
f.edback 
ratlo 
(beta), 
and 
the 
result 
is 
taken 
to 
be 
thl 
signal 
appearlng 
at 
the 
XTALI 
pin 
The 
algorlthm 
is 
now 
rep.ated 
uSlng 
this 
computed 
XTALI 
slgnal 
as 
the 
assumed 
input 
sinusoid. 
Ever •• time 
the 
algorlthl1\ 
is 
Tlpe.t.d, 
ne..,value, 
appear 
at 


XTALI 
and 
XTAL~, 
but 
the 
values 
c~ange 
less 
and 
less 
with 
lach 


repetition 
EVlntually 
t~ey 
stop 
changlng 
ThlS 
is 
the 
steady-state. 


The 
algorIthm 
is 
as 
follows 
1. 
Computl 
approximate 
osclilation 
frl~u.nc~. 


2. 
Call. 
circuit 
an.l~si5 
at 
this 
fre~uenc~. 


3. 
Find 
the 
quie5c~nt 
levels 
at 
XTALI 
and 
XTAL~ 
(to 
I.tablish 
the 
beginning 
DC 
level 
at 
XTALl) 


4. 
Assume 
an 
initial 
amplitudl 
for 
the 
XTALI 
signal. 


~. 
Correct 
the 
DC 
level 
at 
,TALI 
for 
clamping 
Iffects, 
if 
nlces 
•• ru. 


b. 
Using 
the 
approprIate 
Input-output 
CUrvI, 
Ixtract 
a 
DC 
livil 
and 
the 
fundamlntal 
frlquency 
component 
(multipl~ing 
the 
latter 
bV 
:ZL/(ZL+RO): ) 
Clip 
off 
the 
negatlv. 
portl0n 
of 
thIS 
output 
~ignal, 
if 
the 
neQat1ve 
peak 
f3!1~ 
b.low 
Zero. 


If 
this 
SIgnaL 
multlplied 
by 
(bet.), 
dlff@rs 
from 
thl! 
input 
amplltude 
by 
less 
than 
J~V. 
aT' 
l' 
the 
algorithm 
has 
beln 
r.p.ated 
10 
tlmes. 
''It 
the 
rout 
In. 
Otherwise< 
multl~ly 
the 
~lA~2 
.mplltude 
by 
(b@ta) 
and 
fe~d 
it 
bACk 
to 
,TAL1, 
And 
go 
bac,," 
\0 
5 


inter 


46900 
QOSUB 
9700 


47000 
REM 
47100 
REM 
47200 
QOSUB 
47300 
PRINT 
47400 
QOSUB 
47:100 PRINT 
47600 
REM 
47700 
REM 
3 
FIND 
OUIESCENT 
POINT 


47800 
REM 
(At 
~ui •• c.nc. 
the 
voltages 
at 
XTALl 
and 
XTAL2 
are 
.qual. 
This 


47QOO 
REM 
voltage 
level 
is 
found 
by 
trlal-and-error, 
based 
on 
the 
input- 
48000 
REM 
output 
curve. 
so 
that 
a 
p@r~on 
can 
chang. 
the 
input-output 
curve 
48100 
REM 
as 
desired 
without 
having 
to 
re-calculate 
the 
quiescent 
point. 
) 


48200 
VI • 0 
48300 
VB • 
I 
48400 
1'.1• 
I 
48:100 VI = VI + VB 
48600 
QOSUB 
13600 


48700 
IF ABSlVO-VI)<.OOI 
THEN 49200 


48800 
IF KI+SQNlVO-VI)=O 
THEN 
48900 
ELSE 
48:100 


48900 
1'.1= SQNlVO-VI) 
49000 
VB = -VB/IO 
49100 
QOTO 
48:100 


49200 
VB = VI 
49300 
PRINT 
"(lUIESCENT POINT 
= 
";VB 


49400 
REM 
49:100 REM 
49600 
EI = 
49700 
NRX 
• 
49800 
REM 
49900 
REM 
:I.CORRECT 
FOR CLAMPING 
EFFECTS, 
IF NECESSARY 


50000 
REM 
<Kl 
and 
K~ 
are 
curve-fitting 
parameters 
for 
the 
ROM 
p.rtH 


:10100 1'.1= 
12.:I-VBl/13-VB) 


:10200 1'.2= 
lVB-! 2:1)/13-VB) 


:10300 IF ICX=2 OR 
ICX=4 
THEN 
IF EI<IVB+ 
5) THEN EO = VB ELSE 
EO = EI 
- 
:I 


:10400 IF ICX=I OR 
ICX=3 THEN 
IF EI<IVB+ 
5) THEN EO 
VB ELSE 
EO = KI*EI+K2 


:10:100NRX • NRX 
+ I 
:10600 REM 
:10700 REM 
:10800 VO • 0 
:10900 VC • 0 
:11000 VS = 0 
:11100 FOR NX • -25 TO +24 
:11200 VI • EO - EI*COSIPI*NX/25) 
:11300 QOSUB 
13600 


:11400 vo = Vo + VO 
:11500 VC = VC + VO*COSIPI*NX/25) 
:11600 VS • VS + VO*SINIPI*NX/25l 
:11700 NEXT 
NX 
:11800 VO = VO/50 
:51900 
Vt 
= 
SGR<VC....2+VS"2)/2:5*FNZM(RL. 
XL)/FNZM< 
<RL+RO)' 
XL) 


:12000 REM 
52100 
REM 
7. CLIP 
XTAL2 SIGNAL 


:12200 IF VO-VI<O 
THEN 
VL = 0 ELSE 
VL = VO-VI 


:12300 PRINT 
PRINT 
"XTALl 
SWING 
= ";EO-Eli" 
TO 
";EO+EI 


52400 
PRINT 
"XTAL2 
SWING 
= ";VL," 
TO 
",VQ+VI 


52:100 REM 
:12600 REM 
8. TEST 
FOR TERMINATION 


:12700 IF.I\IlS!EI-',II*SI··:. 
QOI 01' NI'Y,=IOT"EN 
I'ETURN 
52800 
REM 
52900 
REM 
:13000 EI = 
53100 
GOTO 


2. CALL 
20800 
PRINT 
~b600 


PRINT 


4. ASSUME 
AN 
INITIAL 
AMPLITUDE 
FOR 
THE 
XTALI 
SIQNAL. 
01 
o 


9 
VI*B 
50300 
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APPLICATION 
NOTE 


Intel's 87C75PF 
Port Expander 


Reduces System Size 
and Design Time 


TERRY KENDALL 
MICROCONTROLLER 
PERIPHERALS 


What's the driving factor in your embedded control ap- 
plication? Board space? Reliability? Power? Design 
:time? Manufacturing simplicity? Cost? 


What if a single component helped you achieve smaller 
board size, higher reliability, lower power, faster design 
time, simplified manufacturing, and lower cost? Intel's 
87C75PF is the first in a family of microcontroller pe- 
ripheral port expander products. This application note 
will show how the 87C75PF significantly reduces chip 
count 
and 
greatly 
simplifies 
system 
design. 
The 


87C75PF data sheet has detailed device information. 


Intel's early microcontrollers had obvious benefits over 
previous alternatives - 
a high degree of system inte- 


gration. The most common microcomputer functions 
- 
CPU, ROM, RAM, I/O ports, timers/counters, 
ad- 


dress decoding, etc. - 
were combined onto a single 


chip. Upgrades and proliferations have grown signifi- 
cantly since those early days. Four-bit and 8-bit con- 
trollers are the most widely used, with 16-bit versions, 
spearheaded by Intel's 8096 family, beginning their ex- 
ponential growth. 


The most sought after microcontroller improvement is 
additional program memory. 8- and 16-bit controllers 
are optionally equipped with 4K or 8K bytes of ROM 
or EPROM. This is sufficient memory for about half of 
embedded applications. 


The remaining applications use off-chip EPROM. One 
reason, of course, is to increase system memory; typi- 
cally to 16K- or 32K-bytes. Another is to provide flexi- 
bility for code that changes frequently. In other appli- 
cations, generic boards or multi-use modules can be 
manufactured and custom-programmed for special con- 


llgun:tuuulS. 
rUJ 
CAcUHVIC, ~ ~iU~.u:;; lUUVl 
\"VUUVI 
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can be manufactured. 
Identical robots can be config- 


ured to perform various factory tasks. 


8- and 16-bit microcontrollers accommodate external- 
memory expansion. Controllers sacrifice two 8-bit I/O 
ports to supply address and data lines to peripheral 
components. Unfortunately, expanded-memory modes 
violate two embedded-control 
objectives: maximizing 


I/O capability and reducing chip count (or board size). 
Usually, systems that need more memory are also I/O 
intensive. Traditional 
memory-expansion/port-recov- 


ery schemes use multiple chips. Memory, address latch- 
es, port latches, transceivers, address decoders, and 
glue chips turn a single-chip uC system into a multiple- 
chip conglomeration. 


To achieve small board size, embedded control systems 
require minimum chip count and chips that occupy 
small footprints. Embedded controllers use multiplexed 
address/data buses to achieve both. An 8051 controller, 
for example, shares its lower eight address pins with its 
8-bit data. 


Every memory access requires two cycles - 
one for 


address, one for data (see Figure I). The controller's 
first cycle places a 16-bit address on the bus. It holds 
the upper eight bits constant throughout the access. It 
presents the low-address byte just long enough for an 
external latch to capture it. The latch and controller's 
upper bus then supply the 16-bit address to external 
devices for the remainder of the memory access. The 
controller's data cycle transmits or receives data on its 
multiplexed lower address/data 
pins. The multiplexed 


bus minimizes the controller's pin count and the sys- 
tem's board traces. 
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Figure 1. Every mlcrocontroller 
memory 
acccess 
requires 
two cycles. 


Single-chip microcontroller solutions are quickly giving 
way to multiple-chip, high-end solutions. Embedded 
control applications often require more program mem- 
ory than the microcontroller's on-chip memory. Some- 
times, code flexibility is needed. The 87C75PF's 32K 
byte EPROM 
dwarfs any microcontroller's 
on-chip 
memory. 


In the near future, microcontroller chip-sets - 
control- 
ler and peripheral - 
will make up most embedded con- 
trol applications. The controller will contain features 
that must be coupled closely to its CPU. The peripheral 
chip will provide memory and I/O functions. 


Controller and peripheral-chip costs will be more bal- 
anced. The chips will share complexity, which equates 
to cost. Two smaller, less complex chips will cost less 
than one huge controller chip, resulting in lower total 
system cost. 


Typically, adding external functions to microcontrol- 
lers requires many chips and substantial board space. 
Address latches, memory, port recovery, and glue chips 
require far more space than a single-chip microcontrol- 


ler. System reliability and performance are degraded. 
Design and manufacturing are more complicated. 


Intel's 
high-performance 
87C75PF 
Port 
Expander 


doesn't compromise designers' goals to create reliable, 
minimum chip systems. Its single chip, no-glue inter- 
face simplifies design and manufacturing while increas- 
ing performance and reliability - 
in the smallest possi- 


ble board space. 


Intel's 8051 microcontroller 
architecture 
is the most 


widely used. Many variations are available with en- 
hanced I/O features and various amounts of memory. 
Intel's 8OC31 is a non-ROM, CHMOS version of the 
8051. It will help illustrate the 87C75PF's benefits over 
typical multiple-chip uC solutions. 


Figure 2 shows a typical expanded microcontroller sys- 
tem. Whenever memory-mapped devices are connected 
to a microcontroller, 
two 8-bit ports lose their I/O 


functions to become address and data pins. Figure 2 
shows 
port-reconstruction 
devices, 
a 
256K-bit 


EPROM, and glue chips that make up an embedded 
control system. Nineteen chips are required! 


Figure 2. Many discrete 
chips provide 
EPROM and port expansion. 
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Every system component influences performance. Per- 
formance encompasses speed, system noise, and power 
consumption. A typical expanded-mode controller ap- 
plication uses many chips to increase memory and re- 
cover lost I/O. Figure 3 shows an improved, but more 
expensive, alternative to the system in Figure 2. "Glue" 
chips between the controller and peripherals delay ad- 
dress signals. To optimize system speed, fast, expensive 
glue chips, memory, and peripheral 
devices are re- 
quired. 


Multiple-chip solutions consume significant power and 
inject noise into a system. A beefed-up, well regulated 
power supply will relieve symptoms, but adds signifi- 
cantly to cost, board size, and weight. 


Figure 4 shows the same system using the 87C75PF - 
a two chip solution! 


The 87C75PF furnishes a no-glue interface to 8051- 
based systems and all other Intel-architecture 
embed- 
ded controllers. The Port Expander's flexible, user-pro- 
grammable memory map and alterable control signals 
simplify 8051, 8096, and 80188 connections. 


Examples 
in this 
application 
note 
show 
how the 


87C75PF 
works with various microcontrollers. 
An 


8051187C75PF system that takes advantage of high- 
level compiled languages and an in-system programma- 
ble example will also be shown. 


Intuitively we all recognize the benefit of system inte- 
gration - 
chip-count is reduced. 


Just as important are: 


• small board size with few layers 
• increased performance 
• decreased design time 
• optimized software development 
• reduced inventory 
• less incoming inspection 
• increased system reliability 
• simplified manufacturing. 


Cost is a prime consideration. The itemized cost of dis- 
crete components is only one parameter. Until the ben- 
efits listed above are quantified, realistic system costs 
can't be determined. Hardware design and software de- 
velopment time are significant up-front expenses. Mul- 
tiple-chip systems incur substantial inventory, incom- 
ing inspection, testing, manufacturing, board size, and 
rework costs. 
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Reliability also has significant value - 
to you and your 


customers. 
Customers 
demand 
products 
that 
work 


properly - 
forever. Reworked products waste time and 


money, increase the cost of every unit you ship, and 
ruin your company's reputation. The best way to in- 
crease reliability is to eliminate system components. 


Simplified manufacturing saves time and money while 
increasing reliability. One factory-tested, 
integrated- 


function chip is much easier to place on a circuit board 
and is far more reliable than myriad discrete chips. Ev- 
ery solder joint is a possible failure point. A single chip 
reduces potential failure points from hundreds to a few. 


The 87C75PF Port Expander's features include: 


• Two 8-bit I/O ports 
• 32K X 8 EPROM 
• Two 64K-byte memory planes 
• Special Function Registers 
• Device-configuration registers 
• "No-glue" controller interface 
• Low-power, Low-noise CHMOSII-E 
• Quick-Pulse Programming™ 
Algorithm 


• In-system programmability 
• 4O-Pin CERDIP, 44-Lead PLCC packages 


The 87C75PF has two 8-bit bi-directional I/O ports. 
Port I has open-drain outputs and port 2 has quasi-bi- 
directional (resistor pull-up) outputs. Each port is indi- 
vidually addressable with separate port-latch and port- 
pin addresses. Typical of quasi-bi-directional 
ports, 
they are always in output mode but can be used as 
inputs by simply writing logic "Is" to their latches. 


The EPROM has 262,144 bits organized as 32K 8-bit 
words. Its access time determines the device's speed 
rating. The 32K-byte EPROM occupies half of the pro- 
gram memory (or EPROM) plane. The EPROM block 
can be located in either the lower or upper half of the 
EPROM plane to accommodate various microcontrol- 
ler architectures. 


8051-family microcontrollers have two external memo- 
ry planes - 
program and data. 8096-, 80188-, and 


68xx-family microcontrollers have only one program/ 
data plane. The 87C75PFs 
user-configurable double- 


and single-plane modes work with any 8-bit microcon- 
troller architecture. 


The 87C75PF has five special function registers: 


• Port 1 latch 
• Port 2 latch 
• Port 1 Pin 
• Port 2 pin 
• Plane select. 


Port-latch registers allow the microcontroller to change 
port-pin output levels. The microcontroller 
can read 


the port latches to recall the last value written. A mi- 
crocontroller can determine external pin levels by read- 
ing the port-pin locations. 


During programming, the plane select register deter- 
mines whether the EPROM array or the configuration 
registers are being programmed. More special function 
register details are described later in this application 
note. 


Non-volatile (EPROM cell) device-configuration regis- 
ters configure the 87C75PF for' microcontroller com- 
patibility. Programmable configuration registers can: 
• relocate the EPROM array in the memory map 
• relocate the SFRs in the memory map 
• combine the EPROM and SFR planes 
• change the reset pin's active polarity 
• insert transistor pull-ups on port pins. 


In its default configuration, the 87C75PF is compatible 
with the 8051's two-plane architecture. It is easily re- 
configured for single-plane 8096 architecture. Remap- 
ping the memory planes makes the device compatible 
with 80188 and 68xx architectures. 


Various microcontrollers have different reset input lev- 
els. The 8051's reset is active-high while the 8096's' is 
active-low. The 80188 has an active-low reset input and 
active-high synchronous reset output. The Port Expan- 
der's configurable reset polarity can work with active- 
high or active-low microcontrollers. 


If the I/O ports are used only as outputs, a "push-pull" 
drive is desirable. Port 1 and/or port 2 can be config- 
ured to have active pull-up transistors 
rather 
than 
open-drain or quasi-bi-directional outputs. 


The 87C75PF's internal address latches, address decod- 
ers, reconfigurable memory planes, and alterable con- 
trol inputs allow no-glue interfacing to any Intel micro- 
controller. The 87C75PF makes expanded-mode, two- 
chip microcontroller systems a reality. 


Intel's microcontroller, peripheral, and EPROM prod- 
ucts employ the industry's fastest, most reliable Quick- 
Pulse Programming™ 
algorithm. Optimized Quick- 


Pulse 
Programming 
equipment 
can 
program 
the 


87C75PF in four seconds. 


With its integrated features, the 87C75PF is easily pro- 
grammed in-system. Built-in address latches, address 
decoders, and flexible control inputs enable the sys- 
tem's microcontroller to program the Port Expander. 
The section "8OC51 In-system programming" describes 
this technique. 


For systems requiring periodic reprogramming, proto- 
typing, or hermetic packages, the 87C75PF is available 
in a 4O-pin ceramic DIP (CERDIP) 
package. PLCC 


packaging is available to further reduce board size and 
provide for surface mount and automated manufactur- 
ing. 


Vpp~ 
psttj 


WR/~ 
ALE 


inter 


~ 
I~ 
VI 
Vpp/RST 
Vee 
Ill: 


..., ..• 
VI 
....•. 
()I~ "': 
"! 
"1 
n. 
. 
CE 
WR/PGM 
.;;: ;;: 
;;: I~ 
n.=! 
.;?~il: 
il: 
il: 
> 
0 


A15 
Pl.? 


A14 
Pl.6 
A12 
Pl.. 


A'3 
Pl.5 
All 
Pl.3 


A12 
Pl.. 
Al0 
Pl.2 


All 
Pl.3 
A9 
Pl.l 


Al0 
Pl.2 
A8 
PLO 


A9 
Pl.1 
GND 
GND 


A8 
PLO 


Ri5 


Ri5 
N.C. 
GND 
AD? 
ALE 


AD? 
ALE 
AD6 
P2.? 


AD6 
P2.? 
AD5 
P2.6 


AD5 
P2.6 
AD. 
P2.5 


AD. 
P2.5 


AD3 
P2 .• 


AD2 
P2.3 
..., 
N 0 8I~~ 
0 
N 
N 
..., ..• 
0 
0 
N 
N 
N 
N 
« « « « 
VI 
ci 
n. 


ADl 
P2.2 
n. 
n. 
l>. 
l>. 
l>. 


ADO 
P2.' 
292048-7 


PSEN 
P2.0 
Figure 7. PLCC Pinout. 
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Figure 5 shows the 87C75PF's block diagram. The de- 
vice has three main functional 
blocks, or memory 
planes: EPROM, special function registers, and config- 
uration registers. 


The block diagram shows device inputs on the left and 
outputs on the right. Sixteen address lines enter the 
device and their states are latched by ALE. The lower 
eight address pins are multiplexed with data. PSEN 
(Program-Store 
ENable) gates the device's EPROM 
data. RD gates SFR data. WR/PGM 
controls SFR 
data writes. CE is the master chip enable input. Vpp 
(the programming voltage input) is multiplexed with 
RST (reset). Vpp is required only during programming. 
Asserting RST sets port latches to "Is" during operat- 
ing mode. 


Port 
I is an 
8-bit open-drain 
port 
with 
optional 


"CMOS" drive capability. Port 2 has 8 quasi-bi-direc- 
tional pins, also with optional "CMOS" drive. 


The 87C75PF is available in two package styles - 
40- 


pin CERDIP and 44-lead PLCC. Both pinouts are sim- 
ilar to Intel's 27210 megabit EPROM. 
The device's 


pinouts are compatible with most programming equip- 
ment capable of programming 27210 EPROMs. 


Figure 6 shows the CERDIP pinout. The left side has 
sequential address and data inputs. The ground pin 
(GND) separates lower and upper address lines for bet- 
ter noise immunity. Ports are logically placed on the 
device's right side. Port I, which is open-drain, is near 
Vcc. SIP-pack resistor pull-ups added externally to 
port I have easy access to Vcc. 


Figure 7 shows the PLCC pinout. PLCC leads are in 
the same sequence as the CERDIP pinout. No-connect 
(NC) and don't-use (DU) leads are inserted at strategic 
locations. Future enhancements will use these leads for 
expanded features. DU leads should be left unconnect- 
ed. 


The 87C75PF has three memory planes: EPROM, 
SFR, and configuration. 
Two planes, EPROM 
and 


SFR, are available during operating mode. The configu- 
ration plane is present under special programming con- 
ditions. Figure 8 shows the three memory planes, con- 
ditions when they are present, control signals that ac- 
cess them, and memory locations they occupy. 


The 32K-byte EPROM 
fills the lower half (OOOOh- 


7FFFh default) of the 64K-byte EPROM plane. This 
conforms to 8051- and 8096-family microcontrollers 
that have reset and interrupt addresses in the bottom 
half of the memory map. The EPROM array can adapt 
to 80188- and 68xx-family microcontrollers by moving 
it to high 
memory 
(8000h-FFFFh). 
PSEN 
is the 


EPROM 
arra~ 
operating- 
and programming-mode 


read control. WR/PGM 
strobes data into the array 


only during programming mode. 


Vpp = TLL 
" 
P1.0 
= TTL 


Special function registers are located in the SFR plane. 
They occupy low-addre~ssesin a re10catable 2K-byte 
block (default addresses F800h-FFFFh). 
The 2K SFR 


block can be placed on any 2K-byte address boundary 
to match 
microcontroller 
architecture 
requirements. 


RD and WR/PGM 
control reads and writes from/to 


this plane. 


The configuration plane contains non-volatile EPROM 
registers that determine the device's configuration. This 
plane is available only when high voltages are applied 
to special pins. PROM programming equipment can 
use this plane to identify the device, read its present 
configuration, and program new configurations. Mem- 
ory-mapped registers can be programmed to: 


Vpp = TTL 


OR 
PSR=X1h 
a: Vpp== 
12.75V 


FH"Fh 


P1.0= 
12V a: Vpp = TTL 


OR 
PSR=X2h 
&: Vpp= 
12.75V 


"r,h 


S,R 
DE,AULT 
LOCATION 


NON- 
VOLATILE 
REGISTERS 


EPROM 
(DE •••• ULT 


LOCATION) 
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• move the EPROM array 
• move the SFR block 
• combine the EPROM and SFR planes 
• combine PSEN and RD 
• change RST's polarity 
• insert pull-up transistors on port output drivers. 


Device reconfiguration will be covered further in the 
"Architecture 
compatibility" section. 


Plane Select Register 


The plane select regIster (PSR) occupies address F810h 
in the SFR plane (Figure 9). This register's value deter- 
mines which plane, EPROM or configuration, is in pro- 
gramming mode. The following plane is programmed 
when Vpp is raised to its programming voltage if PSR 
contains: 
• xxxxxxOO= programming prohibited 
• xxxxxxOI = EPROM plane 
• xxxxxxlO = configuration plane 
• xxxxxxll 
= programming prohibited. 


Note that both PSR bits must toggle to change planes. 
Spurious programming noise is unlikely to alter both 
bits simultaneously. This safeguard prevents erroneous 
programming of the wrong plane. 


The 87C75PF has two 8-bit, bi-directional I/O ports. 
Each port has two addresses in the SFR plane - 
port 


latch and port pin. The port latch register drives port 
pins; it's the port outpu~ister. 
Byte-wide data writ- 


ten to it is strobed by WR/PGM's 
rising edge. This 


allows individual register bits to be changed without 
"glitching" unchanged bits. Port latches can be read to 
determine previously stored values. Redundant RAM 
locations that contain port values are not required. As- 
serting RST sets port latches to "Is". 


Each port has a pin register. This input register allows 
a microcontroller 
to monitor pin status. Although a 


port latch register may drive a port pin to "I", an exter- 
nal switch can pull it to "0". A software exclusive-OR 
of latch and pin values will discover the switch closure. 


Figure 9 shows the 2K-byte SFR block (default loca- 
tion 
shown) 
containing 
port 
addresses. 
Locations 


F8OOh-F807hare reserved for port latch addresses; the 
87C75PF uses only two of these addresses. Locations 
F808h-F80Fh 
are reserved for port 
pin addresses; 


again, the 87C75PF uses only two addresses. Each port 
latch and port pin register contains eight bits; each cor- 
responding to a port pin. Locations F8IOh-F8IFh 
are 


reserved for SFR registers. 


01 =PROGRAW 
EPROW 
PLANE 
,----, 


X 
0/1 0/1 
L..--.....I 
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Port I's default latch address is F800h; its pin address 
is F808h. Its default configuration is open drain. Other 
open-drain devices can be "wire-ORed" to port I pins. 


Pull-up resistors can be added externally to provide 
IOH drive. 


Port I's outputs can be reconfigured to supply CMOS 
drive. Programming the controlleve1 register's PIC bit 
(CLR.6) inserts active pull-up transistors. This switches 
port I pins faster from VOL to VOH and simplifies in- 
terfaces to external CMOS devices. Figure 10 shows 
port I's block diagram. 


Port 2 is similar to port 1. Its latch address is F80lh 
and its pin address is F809h. Its default configuration is 
quasi-bi-directional. 
This means that each pin has a 


weak pull-up resistor. External pull-up resistors can be 
added to increase the port's IOH drive. 


Port 2's outputs can be reconfigured to supply CMOS 
drive. Programming the controlleve1 register's P2C bit 
(CLR.5) inserts active pull-up transistors. 
Figure II 


shows port 2's block diagram. Note the difference be- 
tween port 2's and port I's output stages. In addition to 
the weak pull-up resistor, the feedback network senses 
the pin's VOH level and switches a stronger pull-up re- 
sistor into the circuit. A VOLlevel turns the resistor off.. 
Another addition is the pulsed pull-up. When a port 
latch value changes from "0" to "I", the CMOS tran- 
sistor is pulsed to quickly supply current to the pin. 


Every microcontroller family has its own architecture. 
Each has unique boot-up, interrupt, and vectoring ad- 
dresses. Some support dual external memory planes 
while others communicate with only one. External ad- 
dressing capacity varies from 64K- to 1M-bytes. 


The 8051's control signals and software instructions 
manipulate 5 memory planes. Three planes are internal 
- 
on-chip ROM/EPROM, 
RAM/SFR, 
and bit-ad- 
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Figure 10. Por11 is Open-Drain 
(default) 
or programmable 
for active (CMOS) pull-ups. 
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dressable registers. Two planes are external - 
program 


(EPROM) and data (RAM) memory. The instruction 
type drives internal and external read, write, and bus 
signals that select individual planes. An 8051 controller 
requires non-volatile boot-up memory, internal or ex- 


ternal, at the bottom of its program memory plane. The 
87C75PF's 
two-plane 
external-memory 
architecture 
(see Figure 
12) matches 
the 
8051's 
architecture. 


EPROM defaults to the EPROM plane's low-memory 
and SFRs default to the SFR plane's high-memory. 
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8096-family controllers are typically used with a single 
64K-byte external memory plane (Figure 13). Like the 
8051, reset and vector addresses are in low memory. 
The 87C75PF has an optional single-plane configura- 
tion 
that 
complements 
8096 
architecture. 
The 


EPROM,located 
in low memory, is combined with the 


SFR plane. 


Intel's 80188 microprocessor is used primarily in high- 
end embedded-control applications. Adding ports and 
memory makes the 80188 one of the most powerful 
microcontrollers 
available. 
The 
87C75PF 
provides 
much of this hardware in a single package. The 80188 
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has a single memory plane. Unlike 8051 and 8096 con- 
trollers, its boot-up address is at the top of its 1M-byte 
address space (Figure 14). The 87C75PF can be config- 
ured for a no-glue 80188 interface. 


The 87C75PF's flexibility simplifies hardware interfac- 
ing with many other microcontrollers. A 68xx control- 
ler, for example, has boot-up vectors at the top of its 
64K-byte single-plane memory space. The Port Expan- 
der's memory map can be configured, much like that 
used by the 80188 (Figure 14), to accommodate 68xx 
controllers. 


Figure 14. The 80188 boots up at the top of Its 


1M·byte address space. 


Ultraviolet 
light exposure will erase the 87C75PF's 


EPROM array and non-volatile configuration registers. 
The EPROM, SFRs, and other user-configurable op- 
tions' default to: 
• two memory planes - 
EPROM and SFR 


• EPROM at OOOOh-7FFFh 
• SFR block at F800h-FFFFh 
• reset (RST) active-high 
• port 1 open drain 
• port 2 quasi-bi-directional. 


inter 


8051-family microcontrollers have active high reset in- 
puts. 8096, 68xx, 80188, and special 8051-architecture 
controllers have active-low resets. The 80188 also has 
an active-high synchronous reset output. 


The Port Expander's alterable reset input (RST) can 
match 
any 
microcontroller. 
When 
erased, 
the 


87C75PF's RST is active-high. Programming the con- 
figuration 
plane's 
control 
level register 
bit CLR.7 


changes RST to active-low (see Figure 15). 


Ifport 
1 and/or port 2 are used only as outputs, it may 


be preferable to have CMOS-type output levels. Pro- 


gramming CLR.6, PIC, and/or CLR.5, P2C (see Fig- 
ure 15), inserts active pull-up transistors in port output 
buffers. These transistors 
supply higher current 
and 


faster switching than open drain or quasi-bi-directional 
outputs. 


The 87C75PF's EPROM can be relocated to the upper 
half of its 64K-byte memory map. When erased, the 
EPROM 
is correctly positioned in low memory for 


8051- and 8096-family controllers. Programming 
the 


configuration 
plane's EPROM 
Location bit, ELR.7 


(Figure 16), moves the EPROM to high memory for 
80188 and 68xx compatibility. 


r- 
CLR.7 = RESET LEVEL 
o := Active-Low 
1 := Active-High 
(Default) 


~ 
:::?:~:g~~~~n:~:~u~~:: 
r-- 
O=CMOS 
t 
t := QUosl-bl-dlrectlonol 
(Defoult) 


RESET 
Port 
1 
Port 
2 


LEVEL 
CMOS 
CMOS 


--- 
,, 
-- 
, 


":CLR· 
ELR 
SFRLR 


•••••NUF 
DEVICE 
10 
10 


Non-volatile 


_ _ _ 
R.g~lot\.r (CLR) 


7FFFh 
- 
- 
-_ -- -- 


292048-15 


Figure 15. The Control 
Level Register 
(CLR) determines 
the reset pin's polarity 
and CMOS port drive. 


/ 
: 
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Double- and Single-plane 
Configurations 


The 87C75PF has two operating-mode memory-planes 
- 
EPROM 
and SFR. These planes share, identical 


memory addresses. The EPROM plane is selected when 
PSEN is TTL-Iow. The SFR plane is selected when 
either RD or WR is TTL-Iow. 8051 microcontrollers 
use PSEN, RD, and WR to select two external memory 
planes. 8096 controllers have only RD and WR; some 
versions have an "INST" output that allows external 
circuitry to determine when instructions are being is- 
sued. Most other microcontrollers 
provide read and 


write signals that control only one memory plane. 


Programming 
the 
87C75PF's 
overlap 
liit, 
OVLP 


(ELR.6), converts the device from dual-plane to single- 
~e 
(see Figure 16). When ELR.6 = "0", PSEN and 


RD are internally combined. Both memory planes are 
active if either is TTL-Iow. 


8051 applications that use code compiled from high- 
level languages find this especially useful. Some high- 
level languages can't distinguish between data-plane 


and program-plane addresses. For example, look-up ta- 
bles stored in the same EPROM as program instruc- 
tions require PSEN to be asserted. However, a compiler 
interprets look-up table instructions as data fetches. It 
assigns code that asserts RD instead of PSEN. A typi- 
cal hardwa~olution 
uses an AND gate to combine 


PSEN and RD. This forms one memory plane that is 
accessed by either signal. Programming the 87C75PF's 
OVLP bit provides this "AND" function. 


This bit also permits the SFRs to overlap the EPROM 
array. This allows multiple Port Expanders to be used 
in single-plane applications. For example, two Port Ex- 
panders can be used in an 8096 system (see Figure 22). 
Normally, two 87C75PFs' 
64K EPROM 
bytes con- 
sume the entire address space leaving no room for port 
addresses or external RAM. When ELR.6 = "0" and 
the device's 2K-byte SFR block overlaps its EPROM 
array, 2K EPROM bytes are sacrificed to make room 
for the SFRs and external RAM. Under these condi- 
tions, the 87C75PF remains in a high impedance state 
during any access to the 2K-byte SFR-block except for 
the five valid SFR addresses (see Figure 9). 
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Figure 16. The EPROM Location 
Register 
determines 
the EPROM's 
memory-map 
location 


The 2K-byte SFR block's default location is F800h- 
FFFFh in the SFR plane. This location is fine for 8051 
and 8096 applications. However, 80188 and 68xx-fami- 
Iy controllers have boot-up and vector addresses in this 
address range; EPROM should be located here. 


The SFR block can be moved to any 2K-byte device- 
address 
boundary. 
The 
SFR 
location 
register's 


(SFRLR) five bits determine the SFR-block's most-sig- 
nificant address bits. When erased, these bits are all 
"1s••, placing the SFRs at 11111xxx xxxxxxxxb or 
F800h-FFFFh. Programming the SFRLR to Ollllxxx, 
for example, relocates the SFR-block to 7800h-7FFFh 
Gust below the EPROM array when it's at the top of 


OOOOOx~xmoves the SFRs to the bottom of memory, 
OOOOh-07FFh.Figure 17 shows the SFRLR and its bit 
definitions. 


The 87C75PF data sheet describes detailed program- 
ming requirements. PROM 
programming 
equipment 


makes 
device 
reconfiguration 
easy. 
Down-loading 


EPROM code (from OOOOhto 7FFFh) to the program- 
mer is the same as for any 256K PROM device. The 
programmer allows editing of CLR, ELR, and SFRLR 
codes to reconfigure the device. Once programming 
commences, the EPROM array and the configuration 
registers are programmed automatically. 
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Now that you're familiar with how the Port Expander 
is organized and reconfigured, this section highlights 
some 
application 
examples. 
You'll 
see 
how 
the 


87C75PF connects to 8051, 8096, 80188, and 68xx mi- 
crocontrollers. Also shown are more sophisticated ap- 
plications that use multiple Port Expanders and one 
that allows the microcontroller to program its own Port 
Expander. All of the applications illustrated show mi- 
crocontroller/Port 
Expander interfaces, memory maps, 


and configuration register (CLR, ELR, SFRLR) val- 
ues. 
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805I-family controllers usually operate in two-plane 
mode. To use external program memory (EPR0.ML ex- 
clusively, the controller's external access pin, EA, is 
tied to ground. Port 2 supplies upper addresses, Ag- 
Ais. Port 0 becomes the multiplexed lower-address/ 
data bus, AD....o=...AD7. 
PSEN is the program memory 


read strobe. WR and RD (port pins P3.6 and P3.7) 
control external RAM and other read/write 
devices. 


RST is active-high on most 805I-family microcontrol- 
lers. Some special-purpose '51-based controllers have 
active-low resets. 


Figure 18 shows a typical 80C31 + 87C75PF no-glue 
application. The 87C75PF's EPROM, SFR, and con- 
trol-signal default-settings are already configured. Pro- 
gramming the large XX place holders shown in the 
CLR register enables CMOS port drive. 
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High-end applications, such as telecommunications, re- 
quire sizable program memories and numerous I/O 
ports. Many of these applications use 8051-family mi- 
crocontrollers. Two 87C75PF Port Expanders supply 
added 110 while furnishing EPROM - 
without using 


"glue" devices! 
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Figure 19 shows two Port Expanders in an 80C31 sys- 
tem. Port Expander I's EPROM is in its default low- 
memory location (OOOOh-7FFFh). 
Its SFR block is 


moved to FOOOh,out of Port Expander 2's SFR range 
(F800h). Port Expander 2's EPROM is moved to high- 
memory (8000h-FFFFh). 
Each device's configuration 


register values are shown below the memory map. This 
configuration 
provides 16 additional 
I/O 
pins, 64K 


EPROM bytes, and leaves 60K for RAM and other 
memory-mapped devices. 
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Figure 19. Two 87C75PFs 
provide 
161/0 
pins, 64K EPROM bytes, and room for 60K of RAM. 


9-71 


inter 


High-level 
Language 80C31 + 
87C75PF 


The 805l's 
two-plane flexibility challenges hardware 


and software engineers' creativity. Its two planes logi- 
cally separate program and data planes to create l28K- 
bytes of memory in a 64K address space. However, 
many applications have look-up tables in non-volatile 
memory, usually in the same EPROM that contains 
program code. Unique assembl~nguage 
instructions 


drive hardware signals, PSEN, RD, and WR, to deter- 
mine which plane is active. 


Some compiled, 
high-level programming 
languages, 


however, have a hard time dealing with two-plane 
memories. They can't determine which 8051 instruc- 
tion to use when look-up tables occupy the program 
~e. 
They usually assign an instruction that activates 
RD, rather than PSEN. 


The typical solution forces the system to o~te 
in sin- 


gle-plane mode by combining PSEN and RD with an 
AND gate. If either signal is TIL-low, the AND gate's 
output drives a common external-memory read signal. 
A compiler can now assign its typical "read from data 
memory" instruction. 


The Port Expander has this "AND" function built in. 
Programming 
the configuration 
plane!..,9verlap 
bit, 


ELR.6, internally combines PSEN and RD; if either is 
at TIL-low 
EPROM or SFR data, depending on the 


address, is read. Figure 20 shows a typical high-level- 
language application. 


Programming 
this bit also allows the SFR-block to 


overlap the EPROM 
in single-plane applications. If, 


and only if, these blocks overlap, 2K EPROM bytes are 
sacrificed to make room for the SFR block. The "8096 
+ two 87C75PFs" section illustrates this. 
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Figure 20. Programming 
ELR.6 combines 
PSEN and RD to form a sllngle memory 
plane. 
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8096-family l6-bit microcontrollers can also operate in 
8-bit mode. These high performance controllers man- 
age applications that are I/O intensive and, as a result, 
require large EPROM arrays. The 87C75PF expands 
the I/O while providing the EPROM. 


The 8096 accesses a 64K-byte single-plane memory. Its 
memory map is similar to the 805l's. External EPROM 
is required at its low-memory boot-up location (2080h). 
The 87C75PF's EPROM and SFRs are appropriately 
located. 
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The 8096's reset input (RES) is active-low. Program- 
ming the Port Expander's reset level configuration bit, 
RSTL (CLR.7), makes RST's polarity active-low. 


The 87C75PF is converted to single-plane mode by ei- 
ther tying PSEN and RD to the 8096's RD pin or by 
programming ELR.6, the overlap bit. If the latter op- 
tion is chosen, the unused input, PSEN or RD, should 
be tied to Vce. Figure 21 shows a "no-glue" 8096 + 
87C75PF application. 
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Single-plane 8096 applications can use two Port Expan- 
ders. Figure 22 shows this no-glue, three-chip system. 


byte block, except valid port and PSR addresses, places 
the external data bus in a high impedance state. Exter- 
nal RAM can occupy the 2K-byte space. 


Port Expander I has its EPROM in default low-memo- 
ry. Its SFR block is mapped over its EPROM; location 
7800h is arbitrarily chosen. Programming Ollllxxxb 
into SFRLR 
moves the SFR 
block. Programming 
ELR.6 (to "0") overlaps the EPROM and SFR planes; 
one plane is formed. This bit also tells the Port Expan- 
der that its SFRs are intentionally mapped over its 
EPROM. The device sacrifices 2K EPROM bytes to 
make room for the SFR block. Any access to this 2K- 


Port Expander 2 is also reconfigured. Its EPROM is 
moved to high-memory by programming 
ELR.7. Its 


SFR block must overlap its EPROM array; 8000h is 
arbitrarily 
chosen. 
Port 
Expander 
2's overlap 
bit, 


ELR.6, is programmed to form a single plane and to 
tell the device that its SFRs are intentionally mapped 
over its EPROM, like Port Expander I. This configura- 
tion supplies four additional 8-bit ports, 60K EPROM 
bytes, and still leaves 4K bytes free for RAM. 
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The 8OCl88 found its niche in high-end embedded con- 
trol 
applications. 
This 
CPU, 
when combined with 
RAM and the Port Expander, becomes a powerful em- 
bedded controller. Its 1M-byte address range accom- 
modates several Port Expanders and large amounts of 
RAM. Although the 8OCl88 has two planes, memory 
and I/O, the Port Expander works best in the memory 
plane. Figure 23 shows a simple 8OCl88 + 87C75PF 
system. 


The 
80C188 boots 
up 
at 
address 
FFFFOh. 
The 


87C75PF's EPROM array is moved to its high memory 
(8000h-FFFFh) 
by programming 
ELR.7. The SFR 
block must be moved to lower memory outside of 
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EPROM-block addresses, (F7800h is shown). Pro-ram- 
ming the over1~it, 
ELR.6, or tying PSEN and RD to 


the 8OC188's RD combines the EPROM 
and SFR 


planes. 
The 
processor's 
UCS, 
connected 
to 
the 


87C75PF's CE, selects the Port Expander in the upper 
address range. The 8OC188's reset input, RES, is active 
low. Programming the 87C75PF's RSTL bit, CLR.7, 
converts RST to active-low. the 8OCl88 also has an 
active-high synchronous reset output. This output can 
be connected to the 87C75PF's RST without reconfig- 
uring RST's polarity. 


80CI88 systems usually have larger RAM arrays than 
typical microcontroller applications. Figure 23 shows 
the simple RAM interface. The RAM does not contain 
its own address latches, so an 8-bit latch must be used 
to capture addresses Ao-A7. 
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The microcomputer industry's peripheral- and memo- 
ry-interface standard dictates chip-enable, output-en- 
able, and write-enable polarities. All are active-low. 
The 87C75PF conforms to this industry standard. 


A15 is logic-high during vector accesses. Second, read 
and write controls are functions of RIW and E (clock 
output). Combinational logic must convert RIW and E 
to industry-standard 
RD and WR signals. 


Like Intel controllers, 68xx-family microcontrollers use 
multiplexed address/data 
pins. However, they differ in 


two significant ways. First, 68xx controllers have high- 
memory reset- and interrupt-vector addresses. Address 


The 87C75PF's memory map can be reconfigured and 
its two memory planes combined to simplify 68xx inter- 
faces. Its RST polarity can match a 68xx's active-low 
reset. All that's required to complete the interface is to 
condition RIW and E to RD and WR. Figure 24 shows 
a 68xx + 87C75PF system and its memory map. 
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Figure 24. One NAND-gate 
package 
Interfaces 
the 87C75PF 
to 6Bxx controllers. 
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PROM programming equipment makes the 87C75PF 
as easy to program as EPROM-version microcontrol- 
lers and standard EPROMs. Optimized programming 
equipment 
that 
utilizes 
the 
Quick-Pulse 
Program- 


ming™ 
algorithm can program the 87C75PF in less 
than four seconds. 


Data I/O's model 29B (version V06), with Unipak-2B 
module (version 16, family/pin code = 1121107) and 
87C75PF cartridge, supports the 87C75PF. It has a 
straightforward 
programming 
procedure. 
Assembled 


code is transferred 
to programmer 
RAM addresses 


OOOOh-7FFFh.Configuration registers (CLR = 7FFDh, 
ELR =7FFEh, and SFRLR =7FFFh) are loaded into 
programmer 
RAM 
addresses 
8000H, 
800lh, 
and 


8002h. Configuration register contents can be entered 
manually using the programmer's edit command. 


RxD 


TxD 


EACDNT 


P3.D 


P3.1 


P3.2 


P3.3 


P3 .• 


P3.5 


P3.6!WR 


P3.7/RD 


With 
EPROM 
and 
configuration 
register 
contents 


loaded, the programmer 
automatically 
programs the 


EPROM 
array and non-volatile registers. The pro- 


grammer can also read a programmed master device's 
EPROM 
array and configuration 
registers and pro- 


gram duplicates without further editing. Contact Data 
I/O or your programmer vendor for further details. 


Factory programmed 
and field updated applications 


use 
in-system 
and 
board-programming 
techniques. 


Board programming equipment supplies voltages, ad- 
dresses, data, 
and pertinent 
control 
signals to the 


board's edge-card connector. 


In-system programming, on the other hand, allows a 
resident ROM- or EPROM-type 
microcontroller 
to 


program the system's ofT-chipnon-volatile memory. A 
small 
amount 
of 
the 
microcontroller's 
ROM 
or 


EPROM contains code that controls its serial commu- 
nications channel and knows how to program external 
EPROM. 
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Figure 25. A simple circuit allows the mlcrocontroller 
to program 
the 87C75PF 
In-system. 
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Multiple-application modules can be customized using 
in-system programming. For example, a generic control 
module can be built, installed in a variety of end prod- 
ucts, and customized for difTerent tasks at the end of 
the production sequence. 


Figure 25 shows a simple 8OC51-based in-system-pro- 
grammable 
module. 
The 
microcontroller's 
on-chip 
ROM or EPROM 
contains the communication 
and 


programming algorithms. Port pins P3.0 and P3.1 pro- 
vide the serial communication link. P3.2 (EACONT) 
controls the EA pin. When high (which occurs at reset 
or when "I" is written to it), internal program memory 
supplies code. When low, external EPROM 
supplies 


code. P3.4 (ALECONT) controls the ALE latching sig- 
nal during programming. P3.5 (PGMON) controls pro- 
gramming and operating-mode Vpp and Vcc voltages. 
P3.6, which is the WR signal during normal operation, 
serves as th~ogram 
pulse strobe, PGM, during pro- 


gramming. RD, P3.7, or PSEN can be used to verify 
programmed data whenever Vpp is at its programming 
voltage. 


Figure 26 shows the program and latch control circuit. 
5 volt and 12 volt supplies are connected to this circuit 
at all times. Inverter 74'06a allows 12 volts to pass into 
the DC/DC 
converter and the LM317 voltage regula- 


tors only when system power is on. PGMON is high 
after reset or when P3.5 contains a "1." PGMON con- 
trols inverter 74'06b which turns Vpp on or ofT.Invert- 
er 74'06c keeps Vcc at 5 volts until programming com- 
mences. When PGMON goes low, these inverters turn 
ofTallowing Vpp and VCC voltages to attain their pro- 
gramming levels. The variable resistors adjust Vpp and 
Vcc read- and program-voltages. Vcc read voltage is 
5.0V and its program voltage is 6.25V. Vpp read volt- 
age is ofT,so it doesn't interfere with the 87C75PF's 
reset, and its program voltage is 12.75V. 


PGMON 
also 
controls 
the 
ALE 
circuit. 
When 


PGMON 
is high, the microcontroller's 
ALE value 


passes to the 87C75PF's ALE pin. When PGMON is 
low, the microcontroller's ALECONT controls ALE. 
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The microcontroller's ADo-7 and AS-15 (ports 0 and 
2) connect to the 87C75PF's ADO-7 and AS-I~' 
The controller's program-memory read signal, PSEN, 
controls the 87C75PF's output-enable, PSEN. 


During programming, the controller brings EACONT 
high and PGMON low. This allows it to operate from 
internal code, enables programming 
voltages on the 
87C75PF's Vpp and Vcc pins, and switches ALE con- 
trol from the controller's ALE to its ALECONT. 
It 


then inputs data over its serial channel. With ALE- 
CONT high, an address is placed on ports 0 and 2. 
When ALECONT is brought low, the 87C75PF inter- 
nally latches the address. Data read from the serial port 
is written to port O. Port 0 must have pull-up resistors 
when used in its I/O port mode. The Port Expander 
now has both address and data information. The con- 
troller needs only to bring its WR pin low to program 
data into the addressed location. 


The in-system programming sequence is summarized 
below. 
1) Set EACONT="I". 
Code is now supplied from the 
controller's internal program memory. 
2) Assert PGMON. 
This switches Vpp and Vcc 
to 
their program voltages and allows the controller to 
man~ 
control ALE via ALECONT. ALECONT 
and WR are high. 


3) Down-load address and data information via Port 
3's serial channel. Ports 0 and 2 serve as I/O ports, 
so place the 16-bit address on them. Bring ALE- 
CONT low to latch the address into the 87C75PF. 


4) Write data information to port O. 
5) Bring WR low to program data into the 87C75PF. 


See the 87C75PF data sheet for the programming 
algorithm and timing requirements. 


6) Verify the programmed data. When the 87C75PF's 


Vpp is at 12.75V, its PSEN and RD pins are inter- 
nally combined. The "MOVC A,@A + DPTR" 
in- 


struction uses the PSEN pin to read EPROM data 
~ 
the "MOVX A,@DPTR" 
instruction uses the 


RD pin). 


7) Repeat this sequence until all EPROM data is pro- 


grammed and verified. 


8) When programming is complete, de-assert PGMON 


and ALECONT. When EACONT="O", 
code exe- 


cution commences from the 87C75PF. Code dupli- 
cation at identical internal and external memory lo- 
cations allows uninterrupted 
paging between these 


two memory spaces. 


When 6.25V is applied to the 87C75PF's VCC during 
programming, its port outputs, when "I", will be close 
to 6.25V. Careful system design should ensure that mi- 
crocontroller and other device inputs can handle this 
elevated voltage. Writing "Os" to all port pins before 
Vcc receives 6.25V will prevent damage to external 
devices. 


System demands push single-chip microcontroller de- 
signs to their limits. Complex applications are I/O in- 
tensive and use lots of EPROM. Traditional solutions 
use discrete chips - EPROM, address latches, address 
decoders, I/O port chips, and "glue" logic - to get 
more memory and expand, or recover, 110. 


Intel's 87C75PF Port Expander puts port functions, 
EPROM, and "glue" into a single package. Chip count 
and board size are dramatically reduced. System per- 
formance is optimized. Reliability is assured. Design 
time is shortened. Manufacturing is simplified. Device 
inventory is reduced. 


Miniaturized system designs that weren't possible be- 
fore, can now come to life, thanks to the 87C75PF. 
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Board Space. Simplified design. Reliability. Manufac- 
turability. Performance. Cost. Designers balance these 
requirements in every project, especially in microcon- 
troller applications. 


This application note will show how Intel's latched 
EPROMs minimize board space and cost, simplify de- 
sign and manufacturing, and increase performance and 
reliability in microcontroller systems. 


A few years ago an embedded control system consisted 
of many discrete components. A general purpose mi- 
croprocessor 
was combined with memories, timers, 
counters, I/O expanders, address decoders, latches, and 
assorted glue chips to make a basic control system. 
Then came the microcontroller. These functions, and 
many more, are now combined into a single chip. 


Today, engineers are stretching the limits of microcon- 
troller features. Controller manufacturers are stuffing 
as many functions and as much memory as die and 
package can accommodate. Microcontrollers typically 
have EPROM (or ROM) densities of 4K or 8K bytes; 
some advanced controllers even have 16K. Still, more is 
required. 


Microcontroller applications are now moving back to 
multiple chip solutions. 32K-byte EPROMs are com- 
mon in many medium and high-end systems. It is not 


practical to put this much memory on the microcon- 
troller die; chip price becomes prohibitive. Most con- 
trollers have an expansion mode that allows external 
memory to be added. 


Higher density is not the only reason to go "off-chip" 
for memory. Many systems are designed to be generic 
modules. For example, one engine control module can 
be designed for an entire line of car models. During a 
final manufacturing 
step the module can be custom 


programmed for any particular vehicle. ROM-version 
controllers don't lend themselves to this application. 
EPROM memory allows any application to be custom- 
ized - 
at any step in the manufacturing process. 


But, using off-chip memory shouldn't detract from the 
designer's goal to achieve a minimum-chip 
system. 


Latched EPROMs provide microcontroller memory ex- 
pansion without adding "glue" chips. 


To achieve small board space, embedded control sys- 
tems require not only minimum chip count but chips 
that occupy small footprints. 
Embedded 
controllers 


achieve this by using multiplexed address/data 
buses. 


An 8051 controller, for example, shares its lower eight 
address pins with its 8-bit data. 


Every memory access requires two cycles - 
one for 


address, one for data (see Figure 1). The controller 


places a 16-bitaddress on the bus during the first cycle. 
It holds the upper eight bits constant throughout the 
access. It presents the lower address byte just long 
enough for an external latch to capture it. The latch 
and controller's upper bus supply the address to exter- 
nal devices for the remainder of the memory access. 
The controller uses its multiplexed lower address/data 
pins to transmit or receive data during the data cycle. 
As well as minimizing the controller's pin count, the 
multiplexed bus requires fewer board traces. 


Before latched EPROMs, adding external memory to 
microcontrollers consumed excess board space. Ad- 
dress latches plus EPROM required more space than 
the controller itself.The address latch consumes signifi- 
cant board space and system power, degrades system 
reliability and EPROM performance, and complicates 
design and manufacturing. 


Intel's high-performance latched EPROMs don't com- 
promise designers' goals to produce minimum chip sys- 
tems. The address latching function is built into the 
EPROM chip. The no-glue controller-EPROM inter- 
face simplifiesdesign and manufacturing while increas- 
ing performance and reliability- 
in the smallest possi- 
ble board space. 


MICROCONTROLLER 
MEMORY 
INTERFACE 


A typical microcontroller/memory interface is shown 
in Figure 2. Eight-bit controllers require at least one 8- 
bit address latch; Sixteen-bitcontrollers require two. In 
an 8-bit system, the controller's AS-IS address pins are 
connected directly to the EPROM's upper address pins. 
Address/data 
pins 
ADO_7 are 
connected 
to 
the 


EPROM's DO-7 data pins and to the address latch's 
inputs. The latch's outputs drive the EPROM's Ao-7 
address inputs. The controller's address-latch-enable, 
ALE, controls the latch. Figure 2a shows this memory 
interface. 


Figure 2b shows a simplifiedsystem that uses a latched 
EPROM. All of the controller's bus signals connect di- 
rectly to the latched EPROM. It's easy to see that de- 
sign time (and manufacturing) are simplified. Perform- 
ance is improved because latch propagation delay is 
non-existent. System reliability is assured - 
one facto- 


ry-tested, integrated memory device is inherently more 
reliable than several discrete components. 


A7 
Latched 
: 
EPROM 


AO 


Figure 2. Typical 
microcontroller/memory 
systems 
are improved 
with latched 
EPROMs. 
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Discrete latch chips, like the 74HCf573, 
have large 


output drivers. This allows them to drive many devices 
on a system's address bus. Unfortunately, large output 
drivers consume considerable power. Typical micro- 
controller applications are minimum-chip systems. Dis- 
crete address latches unnecessarily waste system power 
with 
their 
large 
drive 
capability. 
Intel's 
latched 


EPROMs use very little power because their built-in 
latches drive only internal address lines. Integrated ad- 
dress latches allow "no-glue" interfacing to 8-bit and 
l6-bit microcontrollers. 


An address latch and associated board traces require 
about .75 inches2. This doesn't sound like much, but 
compared to the EPROM's 
1.2 in2 and the controller's 
1.5 in2 it amounts to 22% of a system's board space. 


Not only does a latched EPROM produce a more "ele- 
gant" design, but system reliability is improved. Every 
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00:az~ 
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board component is subject to failure. A discrete latch 
requires twenty additional PC-board solder joints - 
each a potential failure point. Failures decrease as part 
count (elimination of latches) goes down. 


Every board trace and component node is a source (or 
receptor) of system noise. Noise can degrade perform- 
ance and compromise data integrity. EPROM perform- 
ance 
requires 
rock-steady 
address 
inputs. 
When 


EPROM output buffers turn on, address input buffers 
are affected. A small ground 
reference fluctuation 


changes the threshold voltage of input buffer transis- 
tors. This can effectively change the EPROM's address 
in mid-access; data integrity is compromised. 


Latched EPROMs are virtually immune to ground-ref- 
erence shifts. Current surge caused by switching output 
buffers may affect the EPROM's 
address inputs, but 


the internally latched address remains steady; noise 
isn't transferred to address decoders. Access time and 
data integrity are optimized. 


Figure 3. Propagation 
delays can be significant 
when standard 
EPROMs 
are used in uC systems. 


Latched 
EPROMs 
eliminate 
these delays. 
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Latched EPROMs improve system performance. Dis- 
crete latches have inherent propagation delays. In a 
pure 
CMOS 
system, 
this 
delay 
is 
significant; 
a 


74HCT373 latch delay is 45ns at automotive and mili- 
tary temperatures. A 16MHz 8OC31 microcontroller, 
for example, provides 207ns for EPROM access time. 
A 45ns latch delay degrades this access time to 162ns. 
An EPROM 
rated at l60ns or faster must be used. 
Figure 3 shows the timing delays inherent in discrete 
component solutions. 


If a latched EPROM is used, no external latch delay 
occurs. A 200ns latched EPROM can be used. Access 
time parameters include internal latch propagation de- 
lays. Slower, less expensive latched EPROMs do the 
same job as fast EPROMs and discrete latches. 


Intel's latched EPROMs 
have separate address and 


data pins. All address inputs contain latches. This sim- 
plifies 16-bit microcontroller interfacing. Pin layout is 
virtually 
identical to standard 
EPROMs. 
Upgrade- 


compatible circuit board designs are simplified. In 8-bit 
multiplexed address/data 
systems, EPROM pins Ao-7 


are connected directly to corresponding DO_7 pins. In 
16-bit multiplexed systems, low-byte EPROM data pins 
DO-7 are connected to address lines Ao-7 while high- 
byte EPROM data pins DO_7 are connected to address 
lines AS-IS' See Figures 7 and 9 for typical 8-bit and 
16-bit system examples. 


Intel's growing family of latched EPROMs includes the 
87C64, 87C257, and 68C257. Ceramic DIP and PLCC 
package pinouts are shown in Figures 4 and 5. This 
application note shows how latched EPROMs simplify 
microcontroller system designs. 
// 
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The 87C64 is a 64K-bit EPROM organized as 8192 8- 
bit words. Integrated address latches make the 87C64 
EPROM unique. This device is functionally identical to 
two 74HCT573 latches and a 27C64 EPROM (see Fig- 
ure 6). However, with latches included, the 87C64 con- 
serves: 


• chip count 
• system performance 


• board space 
• power consumption 
• system cost 
• inventory 
• design time 
• incoming inspection 


In discrete component solutions, separate latches are 
used with a 27C64 EPROM. Even when the EPROM 
is in standby mode, the latches are always active, con- 
suming full power. The 87C64 achieves low standby 
power in a novel way. It has a combined ALE/CE sig- 
nal. When this signal is TTL-high, both the EPROM 
and the internal latches are placed in low-power stand- 
by mode. When ALE/CE is TTL-Iow, the latches acti- 
vate, address information is latched, address decoding 
begins, and the EPROM is ready to present data at its 
outputs. 


The 87C64 easily connects to an 80C31 microcontrol- 
ler. EPROM data pins are connected to its AO-7 ad- 
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dress pins, which in turn connect to the controller's 
ADO_7 pins. ALE/CE 
must be generated by the proc- 
essor's ALE signal, as shown in Figure 7. When ALE is 
high, a new address can flow into the device's latch. 
The address is latched when ALE goes low. EPROM 
data is present on ADo-7 when OE goes low. 


If multiple chips are used in a low power system, ad- 
dress lines and the ALE signal are combined via an 
address decoder as shown in Figure 8. Connecting the 


ALE signal to the address decoder is important because 
the 87C64's ALE/CE 
input must toggle high-to-low 


each time the address changes. 


The EPROM contains system operating code. The mi- 
crocontroller typically accesses sequential addresses as 
it executes instructions. Upper address lines are used to 
decode memory blocks, but they usually don't change 
when sequential addresses are generated. This means 
that the outputs of an address decoder connected to 
these lines will not toggle as sequential 
addresses 


change. The address decoder shown in Figure 8 is gated 
by ALE to provide the latching signal at the 87C64's 
ALE/CE input. 
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The 87C64 is an ideal memory for word-wide systems. 
Two devices provide low-byte and high-byte data. Fig- 
ure 9 shows an 8096 system that uses two 87C64s. 


Microcontroller 
address/data 
lines ADI_13 are con- 
nected to address inputs Ao-12 on both EPROMs. Ad- 
dress/data line ADo is normally used to select low-byte 
data in read/write memories. This line need not be con- 
nected to read-only (EPROM) memories. In order to 
operate from external EPROM mapped at low-memo- 
ry, the 8096's EA pin must be tied to ground. 


The low-byte EPROM's DO-7 outputs are connected to 
the controller's ADO_7 lines. The high-byte EPROM's 
DO-7 ou~s 
are connected to lines ADS_15. The con- 
troller's RD and ALE lines are connected directly to 
both EPROMs' OE and ALE/CE inputs. 


EPROMs 
are not just 
read-only memories, they're 


user-programmable. 
That's 
the reason EPROMs 
are 


the preferred non-volatile memory. EPROMs are usu- 
ally programmed in PROM programming equipment. 
In-system programming, however, is becoming popular 
in applications that require factory programming 
or 


field updates. 


In-system programming allows the resident microcon- 
troller to program 
the system's EPROM. 
A small 


amount of the microcontroller's ROM or EPROM can 
contain code that knows how to down-load data over 
its serial channel and program an 87C64. 


In-system programming allows a multi-use module to 
be customized for different applications. For example, a 
generic robot-control module can be built, installed in 
several locations, and customized for any particular job 
on an assembly line. 
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Figure 10 shows a simple 80C51-based in-system pro- 
grammable 
module. The microcontroller's 
on-board 


ROM or EPROM memory contains the communica- 
tion and programming algorithms. Port pins P3.0 and 
P3.1 
provide 
the 
serial ~mmunication 
link. 
P3.2 


(EACONT) controls the EA pin. When high (which 
occurs at reset and when" 1" is written to P3.2), code 
operates from internal memory. When low, external 
EPROM supplies code. P3.3 (ALECONT) controls the 
ALE 
latching 
signal 
during 
programming. 
P3.4 


(PGMCONT) 
controls the 87C64's PGM 
(program 


pulse) pin. P3.5 (VPPON) controls the Vpp and Vcc 
programming and operating voltages. 


Figure II shows the program and latch control circuit. 
The 5 volt and 12 volt supplies are connected to this 
circuit at all times. Inverter 74'06a allows 12 volts to 
pass into the DC/DC converter and the LM317 voltage 
regulators only when 5 volts is applied. VPPON is high 
at reset or when P3.5 contains a "I." Inverters 74'06b 


and 74'06c keep Vpp an~t 
5 volts until program- 


ming is initiated. When VPPON goes low, these invert- 
ers turn off allowing Vpp and VCC voltages to go to 
their programming levels. Vpp and Vcc read- and pro- 
gram-voltages are adjusted by the variable resistors 
shown. Vcc read voltage should be 5.0V and its pro- 
gram voltage should be 6.25V. VPP read voltage should 
. be 5.0V and its program voltage should be 12.75V. 


VPPON also controls the ALE circuit. When VPPON 
is 
high, 
the 
microcontroller's 
ALE 
value 
passes 


through to the 87C64's ALE/CE pin. When VPPON is 
low, ALE/CE 
can be controlled by the microcontrol- 


ler's ALECONT signal during programming. 


The microcontroller's Ao-12 outputs are connected to 
the 87C64's AO-12 pins. The EPROM's DO-7 are con- 
nected to the controller's ADO-7 pins. The controller's 
program-memory 
read 
signal, 
PSEN, 
controls 
the 


87C64's output-enable, OE. 
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During programming, the controller brings EACONT 
high and VPPON low. This allows it to operate from 
internal code, enables programming 
voltages on the 


87C64's Vpp and Vcc 
pins, and switches ALE/CE 


control from the controller's ALE to its ALECONT. 
It then 
inputs 
data 
over its serial channel. 
With 
ALECONT high, an address is placed on ports 0 and 2. 
When ALECONT is brought low, the 87C64 internally 
latches the address. Data read from the serial port is 
then written to port O. The 87C64 now has both ad- 
dress and data information. The controller needs only 
to bring PGMCONT low to program data into the ad- 
dressed location. 


The in-system programming sequence is summarized 
below. 
I) Assert EACONT. 
Code is now supplied from the 


uController's internal program memory. 
2) Assert VPPON. This switches Vpp and Vcc to their 


program voltages and allows the controller to manu- 
ally control ALE via ALECONT. PGMCONT and 
ALECONT are high. 
3) Input address and data information from Port 3's 


serial channel. Ports 0 and 2 serve as I/O 
ports. 
Place 
the 
address 
on 
ports 
0 
and 
2. 
Bring 


ALECONT low to latch the address into the 87C64. 


4) Write data information to port O. 
5) Bring PGMCONT 
low to program data into the 


87C64. See the 87C64 data sheet for the proper pro- 
gramming algorithm and timing requirements. 
6) Verify the programmed 
data. 
Use the 
"MOVC 


A,@A+DPTR" 
instruction to read EPROM data. 
The configuration shown in Figure 10 allows the 
87C64 to be read at any 8K-byte boundary. This 
allows the controller to operate using its internal 
low-memory code and still verify external EPROM 
mapped at the same locations. 


7) Repeat this sequence until all EPROM data bytes 


are programmed and verified. 
8) When 
programming 
is 
complete, 
VPPON, 
PGMCONT, and ALECONT should be de-asserted. 
When EACONT 
= "0", code execution will com- 


mence from the 87C64. Duplication of code at iden- 
tical internal and external memory locations will al- 
low uninterrupted paging between these two memo- 
ry spaces (see application note AP-284 "Using Page- 
Addressed EPROMs" for further details). 


Care should be taken during system design to ensure 
that microcontroller and other device inputs can handle 
elevated voltages supplied by the EPROM during pro- 
gramming. When 6.25V is applied to the 87C64's Vcc, 
its outputs, when" I", will be close to 6.25V. 


The 87C257 is a 256K-bit EPROM organized as 32768 
8-bit words. It also contains the equivalent of two 
74HCT573 
address 
latches. All address 
inputs 
are 


latched. Figure 12 shows the 87C257's block diagram. 
To serve high-performance 8-bit microcontrollers, the 
87C257 has separate ALE and CE inputs. The 87C257 
is pin compatible with the 27C256 (see Figure 4). 


The ALE/VPP 
input serves as the latch enable during 


read mode and as the high voltage input during pro- 
gramming. When ALE is high, address information on 
pins Ao_I4....!!OWS 
through -.!!!.elatches to the input de- 


coders. If CE is asserted (CE = VId, the EPROM is 
in its active mode which allows address decoding to 
begin immediately. If CE is high, the 87C257 is in 
stand-by mode, but addresses can still be latched. The 
address latches retain present address-pin values when 
ALE goes low (ALE = VId. 


The 87C257 
interfaces 
to 8051-family 
microcontrollers 
without 
"glue" 
chips. 
Figure 
13 
shows 
a 
simple 
8OC31187C257 
system. 
Note that all 805I-family con- 
trollers have similar interfaces. The 
8OC31's 
port 
0 


serves 
as the multiplexed 
low-order 
address/data 
bus 


when 
used 
in expanded 
memory 
mode; 
port 
2 is the 
high-address 
bus. 


Port 
0 pins connect 
directly 
to the 87C257's 
Ao-7 
and 
DO-7 pins. Port 
2 pins are connected 
to the 87C257's 
AS-14 
and 
CE pins. 
Since the '87C257 
fills the 
lower 
half 
of the 
8OC3l's 
program-memory 
map 
(OOOOh - 
7FFFh), 
address 
line A15 (P2.7) 
can be connected 
to 


the 87C257's 
CE input. 
The EPROM 
is selected 
when- 


ever A15 is low. 


The 
controller's 
PSEN 
output 
is the 
program 
(or in- 


struction) 
memory 
read-strobe. 
This pin is connected 
to 


the 87C257's 
output 
enable 
pin, OE. 


The 
8OC31's ALE 
controls 
an external 
address 
latch. 


When 
ALE 
is high, 
the controller's 
port 
0 and port 
2 


pins present 
address 
information. 
When 
low, addresses 


Ao- 7 are 
externally 
latched. 
The 
external 
latch 
then 


supplies 
the 
low-address 
to external 
memory 
devices. 
Since the 87C257 has its own latch, the 80C31's 
ALE is 


connected 
to the 
87C257's 
ALE/VPP 
(the 
87C257's 


Vpp function 
is internally 
disabled 
in read mode. 


The 
8OC31's 
EA (External 
Access) 
pin must 
be con- 


nected 
to 
ground 
when 
accessing 
external 
program 


memory 
between 
addresses 
OOOOhand OFFFh 
(the up- 


per address 
boundary 
may vary depending 
on the 8051 


version 
used). 
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Figure 13.A "no-glue" 80C31/87C257 
system. 
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8051-family controllers are unique in that two 64K- 
byte memory spaces can be addressed. These control- 
lers have separate PSEN and RD signals that access 
program memory (ROM or EPROM) and data memo- 
ry (RAM and peripheral devices). All system devices 
see the controller's 
16-bit address. Depending on the 


instruction type, either PSEN or RD is asserted. Al- 
though two devices can be memory mapped at identical 
locations, PSEN and RD determine which will present 
data. 
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Figure 14 shows two 87C257s in an 8OC31 system. 
Each 87C257 connects to the 80C31 just as it did in the 
87C257 + 8OC31 example shown in Figure 13. The 
only difference is the inverter between A15 and the sec- 
ond 87C257's CEo This inverter allows the second 
87C257 to be selected when A15 is high - 
addresses 


8000h - FFFFh. 


87C257 
EPROM 
(8000h - FFFFh) 


Figure 14. A maximum 
function, 
but minimum 
chip, 80C31 system. 
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Two 87C257s completely fill the 80C31's program 
memory space. 64K bytes are still available in the data 
memory space. A system that requires 64K-bytes of 
EPROM 
is probably performing complex I/O tasks. 


These tasks usually require more RAM than the micro- 
controller contains. Also, since the 80C31 loses two 8- 
bit I/O ports when accessing external memory, port 
reconstruction is desirable. 


The 8155 shown in Figure 14 recovers the lost ports 
(plus 6 additional port pins) and supplies 256 bytes of 
RAM. In addition, it provides a 14-bit counter/timer. 
Connected as shown, the 8155's RAM is mapped at 
locations OOOOh- OOFFh. Ports and timer addresses 
are mapped at 0100h - 01FFh. Since the 8155 is not 
fully decoded, shadow addresses occur at 512-byte 
boundaries. 


The system shown in Figure 14 consists of a high per- 
formance microcontroller, 64K-bytes of EPROM, 256 
bytes of RAM (in addition to the uC's RAM), 36 I/O 
port pins, and an additional timer/counter. 
The only 


"glue" device in this system is the inverter, which can 
be made from one transistor and a resistor. 
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Intel's 8096-family microcontrollers 
contain six 8-bit 


I/O ports, a powerful CPU, and many other high-per- 
formance features. 8096BH, 8098, and 80C196 versions 
also have 8-bit external bus modes that simplify inter- 
faces to 8-bit memories and peripherals. When used in 
expanded mode, ports 3 and 4 supply the multiplexed 
address/data 
bus. 


Figure 15 shows a no-glue 8096/87C257 interface. The 
8096's EA (External Access) and Buswidth pins are 
tied to ground. This tells the controller that program- 
memory accesses are from external EPROM and that 
the external data bus is 8 bits wide. 


Port 3 supplies. multiplexed address/data 
information. 


Its pins are connected to the 87C257's AO-7 and DO-7 
pins. Port 4 supplies addresses AS-15. Its pins are con- 
nected to AS-14 and CEo The EPROM 
is selected 
whenever AI5 is low (addresses OOOOh- 
7FFFh), 


which encompasses the 8096's boot-up and vector loca- 
tions. RD and ALE are connected to the 87C257's OE 
and ALE/VPP 
pins. 
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Figure 15. An 87C257 
enhances 
the powerful 8096. 
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The microcomputer industry has a standard for memo- 
ry and peripheral interfaces which dictates chip-enable 
and output-enable 
polarities. Customers 
using non- 


standard-bus controllers asked Intel to provide a "no- 
glue" EPROM for their applications - 
the 68C257. 


Like Intel controllers, 68xx-family uCs use multiplexed 
address/data 
pins. However, they differ in two signifi- 


cant ways. First, 68xx controllers use high-memory ad- 
dresses for reset- and interrupt-vectors. 
Since AI5 is 
high during vector accesses, it can't be connected di- 
rectly to a standard EPROM's 
CE - 
an inverter is 
required. Second, read and write controls are functions 
of R!W and E (clock output). Fortunately, EPROMs 
don't require combinational logic to decode R!W and 
E. The active-high E output can sin:!£!ybe inverted be- 
fore connecting it to an EPROM's OE input. 


The 32K-byte 68C257 EPROM's inputs contain latch- 
es, iust like the 87C257. The 68C257 also internally 
inverts CE and OE. Figure 16 shows the 68C257's 
block diagram. Figure 17 shows a no-glue 68C257/ 
68xx interface. 
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The best system design is small in size, easy to manu- 
facture, highly reliable, and cost effective. Components 
that simplify the design process add even more value to 
the system. 


Intel's latched EPROMs reduce chip count and board 
space, enhance performance, increase reliability, mini- 
mize design time, and simplify microcontroller systems. 
Latched EPROMs are available in popular 64K- and 
256K-bit densities, and a version is available that will 
provide a "no-glue" interface to virtually any micro- 
controller architecture. 


